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Summary 

A 1/4-scale wind tunnel model of an airplane 
configuration developed for short duration flight at 
subsonic speeds in the Mars atmosphere has been 
tested in the Langley Research Center Transonic 
Dynamics Tunnel. This continuous-flow closed- 
circuit tunnel was pumped down to extremely low 
pressures to represent Martian Mach/Reynolds 
number conditions. Three unswept wings having the 
same planform but different airfoil sections were 
investigated. A sweptback wing incoiporating one of 
the three airfoil sections was also tested. One 
unswept wing configuration was tested with the 
lower part of the fuselage removed and the 
vertical/horizontal tail assembly inverted and 
mounted from beneath the fuselage. Horizontal tail 
incidence was varied on an unswept wing 
configuration as was the deflection of plain and split 
flaps on the trailing-edge. Aerodynamic data were 
obtained with a force balance. Upper and lower 
surface wing pressures were measured at one 
spanwise station on some configurations. 

Most of the testing was conducted at Mach 
numbers of 0.65 and 0.80 but some data were 
obtained at other Mach numbers in the range 0.50 to 
0.90. Wing chord Reynolds number was varied 
from 40,000 to 100,000 and angles of attack and 
sideslip were varied from -10° to 20° and -10° to 
10°, respectively. 

Introduction 

An airplane configuration has been developed 
for short duration cruise flight at subsonic speeds in 
the Mars atmosphere. The airplane would travel to 
Mars as an undeployed (folded) rocket payload and 
would assume its airplane configuration after entry 
into the Mars atmosphere and release from an 
aeroshell. Program economics, packaging, and 
timing necessitated that the airplane be small in size 
with the consequence of very low Reynolds numbers 
flight in the Martian atmosphere (which is primarily 
carbon dioxide with pressure at the surface of Mars 
approximately 0.6 percent of the sea level pressure 
on Earth). The range of Martian flight Reynolds 
numbers approximate those of model airplanes (or 
very small pilotless air vehicles) in the Earth's 
atmosphere at very low speeds. The airfoil 
Reynolds numbers are below the threshold for which 
most experimental airfoil data are considered 
applicable (reliable) because of laminar 
separation/reattachment phenomena. 


Four wing geometries were selected for 
investigation. They consisted of three different 
airfoil sections for the same unswept wing planform 
and a sweptback wing planform incoiporating the 
same airfoil section design approach as one of the 
unswept airfoils. One unmodified existing airfoil 
design, the Eppler 387, was selected for 
investigation with the unswept wing configuration. 
Two outer panel airfoils were developed for the 
unswept and swept wing configurations (MA-SC-1 
and MA-SC-lt, respectively) using the CDISC (ref. 

1) knowledge-based design method coupled with the 
MSES (ref. 2) 2-D interacted Euler/boundary-layer 
flow solver. Flow constraints were selected to give 
an upper surface rooftop pressure distribution and 
aft-loading similar to supercritical airfoils for the 
cruise condition, and a geometry constraint was 
applied to maintain the original maximum thickness. 
A 30-percent chord simple flap was also defined for 
the MA-SC-1 wing panel to allow higher lift 
coefficients to be obtained during the pull-out phase 
of the flight. The fourth airfoil geometry (MA-SF-1) 
was derived from a NACA 67(.5)-406 airfoil by 
dividing the aft 20-percent chord along the mean line 
to create a split flap. This wing was expected to 
obtain the highest maximum lift coefficients with the 
flaps deflected. The FUN2D (refs. 3 and 4) 2-D 
unstructured grid Navier-Stokes flow solver was 
used to assess the performance of this airfoil with 
various split flap deflections. An attempt was made 
to reduce the high leading edge velocity peak on the 
airfoil using the optimization capability in FUN2D, 
but it was abandoned because of convergence 
difficulties. The airplane configuration geometric 
details reflect some shaping compomises made 
necessary by the space available in the aeroshell. 

There was a concern, especially at the lowest 
Reynolds numbers planned for the test, that if a 
laminar separation bubble occurred on the wing, it 
would not close before the trailing edge, leading to a 
loss of lift and an increase in drag. This would be 
more likely to occur at the higher Mach numbers, 
where compressibility effects tend to suppress 
transition. As there was some doubt as to the 
effectiveness of traditional transition-inducing 
devices such as grit, disks, or turbulators at these 
conditions, a new concept known as a transition 
bump was proposed. 

This concept grew out of the observation that 
at low Reynolds numbers and moderate angles of 
attack, a laminar separation bubble would close in a 



2 


short distance once the leading-edge pressure peak 
provided a strong enough adverse gradient. The idea 
then was to add a bump to the upper surface that had 
sufficient curvature to create a “2 nd leading edge” 
pressure peak at cruise angles of attack that would 
be similar in magnitude to the leading edge peak at 
higher angles. This requires that the bump be thicker 
than the boundary layer at the cruise conditions, but 
small enough to be submerged in the boundary layer 
at the higher angles where the leading edge peak is 
effective. This differs from normal transition devices 
that would be submerged in the boundary layer at all 
times and ideally would produce almost no 
perturbation to the surface pressures. A parametric 
study was conducted using the MSES code to select 
the best chord-wise location and radius for a 
semicircular bump on the MA-SC-1 airfoil. It was 
determined that a bump with a radius of 0.7 percent 
of chord, located at 15 percent chord, gave the 
desired characteristics at the lowest test Reynolds 
number. 

A 1/4-scale wind tunnel model of this 
configuration has been fabricated for testing in the 
Langley Research Center Transonic Dynamics 
Tunnel. This continuous-flow closed-circuit tunnel 
can be pumped down to extremely low pressures so 
that Martian Mach/Reynolds number conditions can 
be represented using air as a flow medium. The 
model was supported in the tunnel test section by a 
rear sting. Aerodynamic force and moment data 
were obtained with an internal force balance and 
wing upper and lower surface (chordwise) static 
pressures were measured at one spanwise station. 
Horizontal tail incidence was varied on an unswept 
wing configuration with the tails mounted above the 
model. Some wing configurations were tested with 
a transition bump modelled by a cylindrical wire 
cemented to the wing upper surface at 15 percent 
chord to force. Some data were obtained with 
deflected plain or split trailing-edge flaps on two 
unswept wings. The swept wing configuration was 
tested without any flap deflection. The effect of 
removing the lower fuselage fairing and mounting 
the horizontal and vertical tails inverted from the 
bottom of the model on the lift and stability and 
control were determined for one of the unswept wing 
configurations as a separate tunnel test entry. 

The investigations were conducted in the 
wing chord Reynolds number range from 40,000 to 
100,000 at Mach numbers from 0.50 to 0.90 (a 
single run was made at a Mach number of 0.25). 


Angles of attack and sideslip were varied from -10° 
to 20° and -10° to 10°, respectively. 

Symbols and Abbreviations 

Force and moment data are presented in 
coefficient form with the longitudinal aerodynamic 
characteristics referred to the stability axis system 
and lateral/directional characteristics in the body 
axis system. The reference center for the 
computation of aerodynamic moment coefficients 
was located at Model Station 1.876, Waterline 0, 
and Buttock Line 0. The symbols and abbreviations 
used in this report are defined as follows: 

Symbols: 

b wing reference span (See Data 

Reduction and Accuracy Section) 

c local streamwise chord of outboard 

wing panel 

c = 3.451 in. for unswept wings 
c = 3.438 in. for swept wing 

C A axial-force coefficient, Axial 

force/(q„S) 

char wing reference chord (See Data 

Reduction and Accuracy Section) 

C D drag coefficient, Drag/(q^S) 

C Db base drag coefficient (upper fuselage 

fairing). Base drag/(q„S) 

C L lift coefficient, Lift/(q„S) 

C) rolling-moment coefficient. Rolling 

moment/fq^Sb) 

C m pitching-moment coefficient, Pitching 

moment/fq^Scbar) 

C N normal-force coefficient, Normal 

force/(q„S) 

C n yawing-moment coefficient, Yawing 

moment/(q^Sb) 

C p pressure coefficient, (p, - p„)/q„ 

C y side-force coefficient, Side force/(q„S) 

1 fuselage reference length, 5.841 in. 

L/D lift to drag ratio, Lift/Drag 
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M m test section free-stream Mach number 

Pj local static pressure 

p, x free-stream static pressure 

p t ^ free-stream total pressure 

q, x free-stream dynamic pressure 

R c model Reynolds number based on wing 

reference chord 

S wing reference area (See Data 

Reduction and Accuracy Section) 

x streamwise airfoil coordinate measured 

from outer wing panel leading edge 

z vertical coordinate measured relative to 

horizontal line through the airfoil 
leading edge 

a model angle of attack, deg 

(3 model angle of sideslip, deg 

A ± incremental value 

8 f wing flap deflection angle, deg 

8 h horizontal tail incidence angle, deg 


Abbreviations: 


atms atmospheres 

BL Buttock Line, in. 

Eppler 387 wing configuration with Eppler 387 
airfoil 


MA-SC-1 wing configuration with CDISC airfoil 
design and supercritical flow 
technology 

MA-SC-lt sweptback wing configuration with 
MA-SC-1 airfoil 


MA-SF-1 


MS 

TDT 

WL 


split flap wing configuration with 
FUN2D numerically optimized airfoil 
design 

Model Station, in. 

Transonic Dynamics Tunnel 
Waterline, in. 


Description of Test 

Model 

The geometry of the 1/4-scale model 
consisted of a fuselage made up of fairings attached 
above and below the central portion of a one-piece 
wing and a twin-boom arrangement for the support 
of the horizontal and vertical tails (figs. 1 and 2). 
There were three unswept wings of the same 
planform geometry (fig. 2) having outboard wing 
panels with different airfoil sections and a 
sweptback wing (fig. 3) having the same airfoil 
section as one of the unswept wings. The wings 
were made of aluminum and were specified to have 
a surface finish of 32 microinches and a contour 
tolerance of +0.005 inches. After the testing of the 
four original configurations (Test 540) was 
completed one of the unswept wing configurations 
was modified so that the tail support booms could be 
mounted from beneath the model with the tails 
inverted and the lower fuselage fairing removed (fig. 
1(e), Test 541). A 0.020 inch diameter wire was 
cemented to the upper surface of the outer wing 
panel at 15 percent chord on one unswept wing 
configuration (fig. 2(a)) and the swept wing 
configuration (fig. 3) to act as a transition bump. 
Presence or absence on the wing of the wire is 
indicated in the report as “bump on” or “bump off’. 

The upper fuselage fairing (fabricated from 
fiberglass and graphite plies) was not representative 
of the top of the airplane configuration but was 
necessary for housing the internal force balance. The 
lower fuselage fairing (also fiberglass and graphite 
plies) represented a shape for housing the mission 
instrumentation in a geometry suitable for packaging 
the undeployed (folded) airplane in the payload 
space of the Mars entry aeroshell. 

The unswept MA-SC-1 wing configuration 
had a plain trailing-edge flap on the right wing panel 
(fig. 4(a)). The unswept MA-SF-1 wing 
configuration had a split trailing-edge flap on both 
wing panels, represented by solid wedge-shaped 
pieces that bolted to the wing lower surface, (fig. 
4(b)). The MA-SF-1 wing was designed so that with 
a split flap deflection of 10° it would have about the 
same amount of camber as the MA-SC-1 wing. The 
Eppler 387 wing (unswept) and the MA-SC-lt 
(swept) had no provision for flap deflections. The 
single vertical tail was mounted directly to the 
horizontal tail in the centerline plane of the model 
and when the horizontal tail incidence was changed 
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the entire empennage moved. The planform shapes 
of the horizontal and vertical tails (fig. 2(b)) were 
selected for efficient packaging of the folded 
airplane (payload) in the aeroshell. 

Upper and lower surface static pressure 
orifices were installed in the outer wing panel at one 
spanwise station (table 1). At one point in the test a 
row of model centerline pressure orifices on the 
lower fuselage fairing and the wing ahead of it were 
recorded in place of the wing pressure orifices. The 
wing surface and base pressure scanning unit was 
installed on the support sting far enough downstream 
of the model base to avoid pressurizing affects on 
the tails and aft part of the fuselage. The design 
airfoil ordinates of the outer panels of the various 
wing configurations are presented in nondimensional 
form in table 2. A thin sheet of hot-film sensors was 
wrapped around the left panel of some of the wings 
and remained on the model during all the tests (fig. 
1 ). 

After completion of testing, the model was 
assembled with the Eppler 387 wing, both fuselage 
fairings, and the empennage upright (at 0° 
incidence) and was scanned to obtain accurate as- 
built as-assembled dimensions of the right hand half 
of the model. These measurements were made as 
cross-sections in the MS, WL, and BL system and 
are presented in tables 3 through 6. The empennage 
support struts which were not of constant diameter 
were not measured during the scanning process. 
However, three representative diameters 
(perpendicular to the support strut centerline) are 
given in figure 3. 

Wind Tunnel 

The transonic Dynamics Tunnel is a 
continuous flow, variable pressure wind tunnel with 
a slotted 16 foot square test section with filleted 
corners. The contraction ratio (settling chamber 
area/test section entrance area) is 8.9. The test 
section is slotted with three longitudinal slots in both 
the floor and ceiling to provide 2.1 percent open area 
and with two longitudinal slots on each sidewall to 
provide an additional 2.3 percent open area. The 
tunnel is capable of using either air or R-134a as the 
test medium. Testing in R-134a,which is a heavy 
gas, has important advantages for flutter testing of 
aeroelastic models. These advantages include 
improved model to full-scale similitude, higher 
Reynolds number, and reduced power requirements. 
The tunnel is specially configured with safety 


screens, bypass valves, and an airstream oscillation 
system for flutter tests of fixed-wing models. The 
tunnel can operate up to a Mach number of 1.2 and 
is capable of maximum Reynolds numbers of about 
3 x 10 6 per foot in air and 10 x 10 6 per foot in R- 
134a. The tunnel may be operated at stagnation 
pressures from near vacuum (0.025 atms) to 
atmospheric. 

Model support systems include a sidewall 
turntable for semispan models, a two cable 
suspension system for “flying” models, a floor 
mounted turntable for ground-wind loads studies, a 
sidewall mount for semispan tilt rotor models, a 
floor-mounted post for a rotorcraft testbed, and a 
sting support system for full span models. The sting 
support system for full span models, which was used 
for the present investigation, is in the vertical plane 
downstream of the test section and supports models 
in the test section by means of cantilever stings. This 
support system may be traversed up or down about 
five feet from the test section centerline in the 
vertical plane. In addition the support sting may be 
pitched in the vertical plane through an angle range 
of ±15°. This combination of support system 
movements allows the model to be positioned near 
the test section centerline through a large angle of 
attack range. A prebent pitch coupling (+5°) was 
installed to bias the support system pitch range so 
that the model could be pitched in from -10° 
to +20°. A remotely controlled roll mechanism was 
installed between the prebent pitch coupling and 
model sting to provide the on-line combined model 
pitch and roll angles necessary for setting model 
angle of attack and sideslip combinations. 

Test Conditions and Configurations 

The extremely low tunnel pressure required to 
set free-stream test conditions resulted in noticeable 
variations in test conditions during angle sweeps that 
were caused by small leaks through the tunnel shell. 
Pumping to maintain a constant pressure to 
compensate for the leaks while taking data during an 
angle sweep was not considered viable because of 
the expectation that flow quality would be affected. 
Tunnel free-stream stagnation pressure was within 
1°F or 2°F of being constant during a given tunnel 
run and was in the range from 77°F to 89°F for the 
tests. 

As is evident from the tables and figures 
presented the word “Run” is used in this document 
to identify a sweep through an angle of attack range 
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or through an angle of sideslip range for a given 
model configuration at a “constant” set of tunnel 
conditions. Tables of the configuration geometric 
and test variables and relevant Run numbers are 
presented in Appendix A for Tests 540 and 541. The 
Test and Run numbers are presented in Appendix A 
to indicate that a specific configuration was tested as 
well as to give an identifier so that the actual range 
of tunnel flow conditions can be obtained from 
Appendix B if other than the averaged or nominal 
values are presented in the text, figure keys, or 
figure titles are desired. 

Most of the data were obtained with the 
vertical tails mounted from the top of the model and 
with both the upper and lower fuselage fairings on 
(Test 540). The top fuselage fairing was not 
representative of the airplane fuselage configuration 
but was necessary to shield the force balance from 
the tunnel airflow and to allow the support sting to 
pass through the model base. The model was 
modified after Test 540 to assess the effect on the 
aerodynamic characteristics of having the tails 
inverted and below the the plane of the wing (fig. 
1(e)). The lower fuselage fairing was removed and 
modifications were made to permit attachment of the 
struts that support the tail booms to the lower surface 
of the wing (Test 541). The leading edges of the 
exposed struts were aerodynamically faired as were 
wing lower surface protrusions (attachment points 
for lower fuselage fairing). 

Data Reduction and Accuracy 

Prior to the start of each of the two tests the 
assembled model support hardware (installed in the 
tunnel test section) was loaded with calibrated 
weights to verify balance installation integrity, the 
restraint effects of hot film electrical leads, and to 
determine the angular deflection characteristics of 
the support hardware under loaded conditions. 

The longitudinal aerodynamic data presented 
are in the stability axis system and the 
lateral/directional aerodynamic data are in the body 
axis system. The base (sting cavity) pressure at the 
rear of the fairing was measured so that the balance 
axial force measurement at each test point could be 
adjusted to the condition of freestream static 
pressure acting on the projected area of the upper 
fuselage fairing base. The location of the model 
moment reference center was the same for both the 
unswept and swept wing configurations (fig. 2(a) or 
3). The reference constants used in the computation 


of the aerodynamic data for the two wing sweeps are 
listed in the followimg table. 


Reference 

constants 

Wing 

Unswept 

Swept 

Wing area (S) 

64.55 in 2 

53.76 in 2 

Wing span (b) 

17.01 in. 

14.71 in. 

Wing chord (char) 

3.91 in. 

4.15 in. 

Fuselage base area 

2.64 in 2 (axially projected 
area) 

Moment center 

3.298 in. (aft of fuselage 
leading edge) 


The pitch attitude of the tunnel support system 
was measured using an attitude transmitter. Sting 
roll angle was also measured by a transmitter in the 
roll coupling aft of the model sting but forward of 
the tunnel support system. Model angles of attack 
and sideslip at each test point were computed using 
the support system pitch and roll coupling attitude 
transmitter measurements and the calculated 
deflection characteristics of the assembled support 
hardware due to model aerodynamic loads. No 
corrections were made to the data for tunnel flow 
angularity which is believed to be small at these test 
conditions. Model size relative to the test section 
cross-sectional area was small so blockage effects 
are negligible for the range of subsonic Mach 
numbers tested. 

In order to permit testing with one force 
balance over the range of static forces and moments 
anticipated, the static balance loads were estimated 
for testing at the highest freestream dynamic 
pressures at the extremes of model attitude. These 
static forces and moments were small but an increase 
in balance component capacity was necessary to 
allow for unsteady loads due to flow separation that 
would be additive at the extremes of model attitude 
and free-stream dynamic pressure. This resulted in 
installing a balance that was oversized at low Mach 
numbers and dynamic pressures as indicated by the 
aerodynamic coefficient accuracies shown in figure 
5. These values were calculated using the unswept 
wing reference constants and the balance component 
accuracies cited below, transferred to the model 
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moment reference center for the highest and lowest 
dynamic pressures encountered at each Reynolds 
number (Appendix B). 

Based on primary and combined loadings in a 
calibration laboratory the force balance used in the 
investigation had the following component 
accuracies: 


Balance 

component 

Component 

capacity 

Accuracy 95% 
confidence 
level 

(% full scale) 

Normal force 

±100 lbs 

±0.08 

Axial force 

±15 lbs 

±0.19 

Pitching moment 

±300 in. lbs 

±0.07 

Rolling moment 

±50 in. lbs 

±0.25 

Yawing moment 

±150 in. lbs 

±0.07 

Side force 

±50 lbs 

±0.10 


In order to take some account of the restraint 
effect on the balance readings of hot film wires and 
soft pressure tubes crossing from the model (metric) 
to the sting (non-metric) a series of primary loadings 
were applied to the assembled model on each 
balance component. The load series were applied 
separately to each balance component and restraint 
factors were calculated and applied (for data 
reduction) to each laboratory determined balance 
component sensitivity. The loadings were done only 
for the first configuration built up for testing at the 
ambient temperature of the test section with the 
tunnel open and no attempt was made to consider the 
effect of the relatively small temperature difference 
that would exist when the tunnel was running. Each 
time a wing configuration change was made the hot 
film wires and soft pressure tubes had to be 
reconnected and secured. This was done without 
recalibration of the model/balance assembly. The 
combined effect of reconnecting and securing the 
wires and tubes and the temperature difference may 
affect the balance sensitivity correction factors 
applied, primarily in axial force. However, the wires 
and tubes were consistently secured so that they 
were relatively slack to minimize any variation in 
restraint. The effect on axial force measurement 
may be significant at times but balance zero returns 


after each run series were good so that axial force 
balance readings within a run series are believed, in 
general, to be consistent. 

Tunnel free-stream pressures were measured 
on precision instruments which at the conditions of 
this test have an accuracy of +0.0013 psi. Wing and 
fuselage base (sting cavity) pressures were measured 
on a 1 psi differential pressure scanning unit which 
was calibrated in place during the test as necessary 
and checked frequently by applying a known 
pressure. The pressure module has a manufacturer’s 
stated accuracy of ±0.1 percent of the full scale 
pressure reading, and that, in combination with the 
accuracy of the free-stream static reference pressure 
measurement, is estimated to yield an accuracy in 
pressure readings of about +0.002 psi. 

Presentation of Results 

Force balance and fuselage base pressure data 
were obtained for all the test runs and reduced to 
coefficient form. At the end of Test 540 a few runs 
with the Eppler 387 wing configuration were made 
with lower fuselage centerline pressures hooked up 
in place of some of the wing pressures. No wing 
pressures were measured during Test 541 (tails 
inverted and lower fuselage fairing removed). The 
presence or absence of the transition bump on the 
upper surface of the wing at 15 percent chord is 
indicated in the figure titles, keys, and tables by the 
phrases “bump on” or “bump off’, respectively. 

Some values of the test variables given as 
constants in the keys for graphical data presentation 
in this document are averaged for all the points 
shown for the given Run. This is most evident for 
Reynolds number which increased slowly during 
each Run due to small leaks to atmospheric pressure 
through the tunnel shell. The actual range of 
Reynolds numbers for a given Run is shown in the 
tables of Appendix B along with the freestream 
static and dynamic pressure ranges. Other variables 
that appear in figure keys that were averaged are 
Mach number and angle of attack (when sideslip 
angle was the variable). However, both of these 
variables were adjusted from point-to-point during a 
Run so that deviations from the average are minor. 
Nominal values of variables are used in figure and 
table titles. 

The basic aerodynamic force and moment 
coefficient data for the model with each wing 
configuration are presented graphically to illustrate 
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the effect of the various tunnel or model geometry 
variables in the following figures. Unless the words 
“inverted tails” are used to indicate configurations 
with the lower fuselage fairing removed, and the 
tails inverted and mounted from the bottom of the 
model (Test 541), the data are from Test 540 where 
the lower fuselage fairing was always on, and when 
installed, the tails were upright and supported from 
the top of the model. 

Figure 

number 

Effect of Reynolds number - 

Eppler 387 wing, 8 h = 8 f = 0°, bump off 

M = 0.65 6 

M = 0.80 7 

MA-SC-1 wing, 6 f = 0° 

M = 0.65, 8 h = 0°, bump off 8 

M = 0.80, “ , “ 9 

M = 0.65, 8 h = 0°, bump on 10 

M = 0.80, “ , “ 11 

M = 0.65, inverted tails, 8 h = 0°, bump on 12 

M = 0.80, “ , “ , “ 13 

M = 0.65, inverted tails, 8 h = -5°, bump on, (3 = 0° 14 

“ , “ , “ , “ , (3 sweep at a = 4° 15 

M = 0.80, inverted tails, 8 h = -5°, bump on, p = 0° 16 

“ , “ , “ , “ , |3 sweep at a = 4° 17 

MA-SF-1 wing, 8 h = 0°, bump off 

M = 0.65, 8 f = 0° 18 

M = 0.80, “ 19 

M = 0.65, 8 f = 10° 20 

M = 0.80, “ 21 

M = 0.65, 8 f = 30° 22 

M = 0.80, “ 23 

MA-SC-lt wing, 8 h = 8 f = 0°, bump on 

M = 0.65 24 

M = 0.80 25 

Effect of Mach number, 8 h = 0° - 

Eppler 387 wing, 8 f = 0°, bump off 

R c = 40,000 26 

R c = 60,000 27 

MA-SC-1 wing, 6 f = 0° 

R r = 40,000, bump off 28 

“ , “ on 29 

R c = 60,000, bump off 30 

“ , “ on 31 



32 

33 


R c = 100,000, bump off .. 

on ... 

MA-SF-1 wing, 8 h = 0°, bump off 

R c = 40,000, 6 f = 0° 34 

“ , 8 f = 10° 35 

“ , 8 f = 30° 36 

R c = 60,000, 8 f = 0° 37 

“ , 8f = 10° 38 

“ , 8 f = 30° 39 

R c = 100,000, 8 f = 0° 40 

“ , 5 f = 10° 41 

“ , 8 f = 30° 42 

MA-SC-lt wing, 8 h = 8 f = 0°, bump on 

R c = 40,000 43 

R c = 60,000 44 

R c = 100,000 45 

Effect of horizontal tail and horizontal tail incidence, 5 f = 0°, bump on - 
MA-SC-1 wing 

R c = 40,000, = 0.65 46 

“ , M. x = 0.80 47 

R c = 60,000, = 0.65 48 

“ , M. x = 0.80 49 

R c = 40,000, tails inverted, M*, = 0.65 50 

“ , “ , M oo = 0.80 51 

R c = 60,000, tails inverted, = 0.65 52 

“ , “ ,M X = 0.80 53 

R c = 100,000, tails inverted, = 0.65 54 

“ , “ , M. x = 0.80 55 

MA-SC-lt wing, tails off 

R c = 40,000, = 0.65 56 

“ , M. x = 0.80 57 

R c = 60,000, = 0.65 58 

“ , M. x = 0.80 59 

Effect of wing trailing-edge flap deflection, 8 h = 0° - 

MA-SC-1 wing, plain flap deflected on right wing, bump on 

R c = 40,000, M^ = 0.65 60 

“ , M^ = 0.80 61 

R c = 60,000, M^ = 0.65 62 

“ , M^ = 0.80 63 

MA-SF-1 wing, split flap on both wings, bump off 

R c = 40,000, M^ = 0.50 64 
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“ , = 0.65 65 

“ , M oo =0.70 66 

“ , M oo =0.80 67 

“ , M oo =0.85 68 

“ , M oo =0.90 69 

R c = 60,000, = 0.65 70 

“ , = 0.80 71 

R c = 100,000, = 0.65 72 

“ , M„ = 0.80 73 

Effect of sideslip angle, a = constant, 5 f = 0°, bump on - 
MA-SC-1 wing 

R c = 40,000, M 00 = 0.65, 6 h = 0° 74 

“ , = 0.80 “ 75 

R c = 60,000, = 0.65 “ 76 

“ , = 0.80 “ 77 

R c = 40,000, = 0.65, tails off 78 

MA-SC-lt wing, 6 h = 0° 

R c = 40,000, = 0.65 79 

“ , = 0.80 80 

R c = 60,000, = 0.65 81 

“ , = 0.80 82 

Effect of airfoil geometry, wing sweep, and wing bump, 8 h = 8 f = 0° - 

R c = 40,000, M,, = 0.65, p = 0° 83 

, “ , (3 sweeps at constant a 84 

“ , = 0.80, (3 = 0° 85 

, “ , (3 sweeps at constant a 86 

R c = 60,000, = 0.65, (3 = 0° 87 

, “ , (3 sweeps at constant a 88 

“ , = 0.80, (3 = 0° 89 

, “ , (3 sweeps at constant a 90 

R c = 100,000, = 0.65 91 

“ , M. x = 0.80 92 

Typical fuselage base drag coefficients, 5 f = 0°- 

R c = 40,000, Test 540 93 

R c = 60,000, ” 94 

R c = 100,000, “ 95 

Test 541 96 


Pressure coefficient distributions on the four wing outer panel configurations (at one spanwise 
station) and on the centerline of the lower fuselage fairing (Eppler 387 configuration only) are presented 
in the following figures. 



Figure 

number 
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Eppler 387 wing, 8 h = 5 f = 0°, bump off 

R c = 40,000 97 

R c = 60,000 98 

Fuselage lower surface pressures 

R c = 40,000 99 

R c = 60,000 100 

MA-SC-1 wing, 8 h = 0° 

R c = 40,000, bump off, 8 f = 0° 101 

, bump on, 8 f = -10° 102 

“ , “ , 8 f = 0° 103 

“ , “ ,8 f = 10° 104 

“ , “ , 8 f = 20° 105 

, “ , 8 f = 0°, (3 sweeps at constant a 106 

R c = 60,000, bump off, 8 f = 0° 107 

, bump on, 8 f = -10° 108 

“ , “ , 5 f = 0° 109 

“ , “ ,5 f = 10° 110 

“ , “ ,5 f = 20° Ill 

, “ , 8 f = 0°, (3 sweeps at constant a 112 

R c = 100,000, bump off, 5 f = 0° 113 

, bump on, ” 114 

MA-SF-1 wing, 8 h = 0°, bump off 

R c = 40,000, 8 f = 0° 115 

“ , 8 f = 10° 116 

“ , 8 f = 30° 117 

R c = 60,000, 8 f = 0° 118 

“ , 8 f = 10° 119 

“ , 8 f = 30° 120 

R c = 100,000, 6 f = 0° 121 

“ , 6 f = 10° 122 

“ , 8 f = 30° 123 

MA-SC-lt wing, 8 h = 8 f = 0°, bump on 

R c = 40,000, (3 = 0° 124 

, (3 sweeps at constant a 125 

R c = 60,000, (3 = 0° 126 

, (3 sweeps at constant a 127 

R c = 100,000, (3 = 0° 128 
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Results 

Effect of Reynolds Number 

The effects of Reynolds number on the 
aerodynamic characteristics of the model with the 
different wing configurations at Mach numbers of 
0.65 and 0.80 are shown in figures 6 through 25. 
Testing at other Mach numbers was done only at a 
Reynolds number of 40,000. 

Lift coefficient. In general, at a given angle 
of attack in the range from -6° to 10°, lift coefficient 
increased with Reynolds number for the unswept 
and swept wing configurations. At a Mach number 
of 0.65 and Reynolds number of 40,000 there was a 
break in the lift curve for the unswept wing 
configurations somewhere between 0° and 6° angle 
of attack (except with the tails inverted and the 
lower fuselage fairing removed) that either did not 
occur or was much less severe at the two higher 
Reynolds numbers (e.g. fig. 8(a)). At a Mach 
number of 0.80 the break in the lift curve often 
occurred at a Reynolds number of 40,000 and 
sometimes at a Reynolds number of 60,000 (figs. 
9(a) and 19(a)). Based on the data obtained at a 
Reynolds number of 40,000 at Mach number 0.65 
with the lower fuselage fairing removed and the tails 
inverted (fig. 12(a), 13(a), 14(a), and 16(a), and the 
same unswept wing configuration as figs. 8(a) 
through 11(a)) it appears that the lower surface 
fuselage fairing and/or its flow field effect on the 
horizontal tail is the primary cause of the break in 
the lift curve and the subsequent lift loss. At Mach 
number 0.65 and a Reynolds numbers of 40,000 the 
lift curve break for the sweptback wing 
configuration was less abrupt and the subsequent lift 
loss was smaller (fig. 24(a)) than for the unswept 
configurations. However at this Mach number at a 
Reynolds number of 100,000 the lift curve break 
was abrupt and the subsequent lift loss was large. 

Pitching-moment coefficient. The unswept 
wing configurations MA-SC-1 (with tails in the 
upright position) and MA-SF-1 were either 
longitudinally unstable or neutrally stable at positive 
lift coefficients and only slightly affected by changes 
in Reynolds number (figs. 8(a) through 11(a) and 
figs. 18(a) through 23(a)). At negative lift 
coefficients these configurations were either 
marginally stable or neutrally stable. Removal of 
the lower fuselage fairing and mounting the tails 
inverted from below the model on the unswept MA- 
SC-1 configuration resulted in a negative pitching- 


moment coefficient shift (e.g. figs. 10(a) and 
12(a)) and increased instability with increasing 
Reynolds number at moderate lift coefficients at 
Mach number 0.65 (fig. 12(a)). The swept wing 
configuration was longitudinally stable over 
most of the lift coefficient range (figs. 24(a) and 
25(a)) and it’s stability was only slightly 
affected by changes in Reynolds number. 
Although there were no large incremental 
displacements in the pitching-moment 
coefficient curves due to Reynolds number there 
usually was an irregularity coincident with the 
first lift curve break (e.g. 24(a)). 

Drag coefficient. As would be expected 
drag coefficient generally decreased with 
increasing Reynolds number with an indication 
of a small increase in the lift coefficient for 
minimum drag for some configurations. With 
the unswept wing MA-SC-1 and the tails 
inverted and lower fuselage fairing removed 
there was little effect of Reynolds number on 
model drag coefficient at zero lift coefficient but 
there was a beneficial rotation of the drag polars 
with increasing Reynolds number (figs. 12(b), 
13(b), 14(b), and 16(b)). When the wing split 
trailing edge flaps were deflected (MA-SF-1) 
there was a more significant increase in the lift 
coefficient for minimum drag resulting from 
rotation of the drag polar as Reynolds number 
increased (figs. 18(b) through 23(b)). For the 
swept wing configuration (MA-SC-lt) the 
decrease in drag coefficient with increasing 
Reynolds number was negligible at zero lift at 
both Mach numbers but there was significant 
rotation of the drag polar with increasing 
Reynolds number so that minimum drag 
coefficient occurred at a lift coefficient about 0.1 
higher at the highest Reynolds number (e.g. fig. 
24(b)). 

Lift-drag ratio. As a result of drag 
coefficient decreases and drag polar rotation 
with increasing Reynolds number maximum lift- 
drag ratio generally increased with Reynolds 
number, as would be expected, and was greater 
at Mach number 0.65 than at Mach number 0.80. 

Lateral-directional characteristics. 
Reynolds number effects on the lateral 
directional characteristics at Mach numbers 0.65 
and 0.80 which were determined for the unswept 
wing configuration (MA-SC-1) with inverted 
tails and lower fuselage fairing removed were 
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small (figs. 15(a) and 17(a)). There was a small 
Reynolds number effect on rolling-moment 
coefficient at a Mach number of 0.65 (fig. 15(a)) that 
may be associated with the hysteresis of asymmetric 
separation as the sideslip angle settings were made 
incrementally from -10° to +10°. 

Effect of Mach Number 

The effect of Mach number on the 
longitudinal aerodynamic characteristics of the 
model with the four wing configurations is presented 
in figures 26 through 45. Most of the data were 
obtained at Mach numbers of 0.65 and 0.80 but 
some configurations were tested over the Mach 
number range from 0.50 to 0.90 at a Reynolds 
number of 40,000 (figs. 28, 29, 34, 35, 36, and 43). 
A single angle of attack sweep at a Mach number of 
0.25 at 40,000 Reynolds number (included in figure 
26) was made with the configuration with the Eppler 
387 airfoil. 

Lift coefficient. In general, when Mach 
number was increased at Reynolds numbers of 

40,000 and 60,000, lift coefficient at a given angle 
of attack decreased between the angles of attack of 
about -6° and 10°. At a Mach number of 0.50 the 
break in the lift curve at low angle of attack at a 
Reynolds number of 40,000 did not occur for the 
unswept wing configuration (figs. 28(a) and 34(a)). 
At Mach numbers above 0.50 the combined effect of 
the decrease in lift coefficient with increasing Mach 
number and the lift curve break resulted in much 
lower lift coefficients at low to moderate angles of 
attack for the higher Mach numbers (e.g. fig. 29(a)). 
The lift curve slope of the configuration with the 
swept wing (MA-SC-lt) decreased significantly with 
increasing Mach number at lift coefficients below 
the break in the lift curve at low angle of attack (figs. 
43(a) through 45(a)). 

Pitching-moment coefficient. The effect of 
increasing Mach number on pitching-moment 
coefficient was generally small and consisted of a 
stabilizing effect over most of the lift coefficient 
range for both unswept and swept wing 
configurations. The changes in stability did not 
result in a shift in level of the pitching-moment 
curves but tended in most cases to be a small slope 
change centered at low positive lift coefficients. The 
most significant Mach number effect occurred on the 
swept wing configuration at a Reynolds number of 

40,000 where above a Mach number of 0.70 there 
was an increase in pitching-moment curve slope at 


the break in the lift curve that persisted up to a 
lift coefficient of about 0.40 (fig. 43(a)). 

Drag coefficient. Minimum drag 
coefficient generally increased with Mach 
number but the effect was inconsistent in that for 
some of the unswept wing configurations drag 
coefficient at a Mach number of 0.70 was lower 
than at Mach numbers 0.50 and 0.65 (figs. 28(b), 
34(b), and 35(b)). The axial force restraint effect 
of the wires and tubes crossing from the model 
to the support sting may have an influence on 
the differences observed in minimum drag 
coefficient measurements. A detailed discussion 
of the measures taken to reduce the effect of the 
tubes and wires crossing from the model to the 
sting is contained in the Data Reduction and 
Accuracy section of this report. 

The drag due to lift at moderate lift 
coefficients increased with increasing Mach 
number so that the drag coefficient increment at 
lifting conditions was greater than the increment 
at minimum drag, that is, there was a rotation of 
the drag polars (e.g. fig. 36(b)). As would be 
expected drag coefficient for the configuration 
with the swept wing was less affected by Mach 
number increases (figs 43(b), 44(b), and 45(b)). 

Lift-drag ratio. Lift-drag ratio generally 
decreased with increasing Mach number due to 
decreases in lift coefficient, increases in 
minimum drag coefficient, and adverse rotation 
of the drag polars. 

Effect of Tails and Horizontal Tail 
Incidence 

The effect of tails and horizontal tail 
incidence on the longitudinal aerodynamic 
characteristics of the model are presented in 
figures 46 through 59. Tail and tail incidence 
effects were obtained for unswept wing 
configuration MA-SC-1 with the tails mounted 
in the upright position at Mach numbers of 0.65 
and 0.80 at Reynolds numbers of 40,000 and 

60,000 (figs. 46 through 49). Data were obtained 
with this wing configuration at Reynolds 
numbers up to 100,000 with the tails inverted 
and the lower fuselage fairing removed (figs. 50 
through 55). Horizontal tail incidence effects 
were not obtained for the model with the 
sweptback wing (MA-SC-lt) but it was tested 
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tail-on and tail-off at Reynolds numbers of 40,000 
and 60,000 (figs. 56 through 59). 

Lift coefficient. Increases in horizontal tail 
incidence on the model with the unswept wing (MA- 
SC-1) and the tails in the upright position increased 
lift coefficient at angles of attack up to the break in 
the lift curve (fig. 46(a)). Above the break in the lift 
curve the lift contribution due to changes in tail 
incidence decreased significantly and at a Reynolds 
number of 40,000 the lift coefficient data nearly 
collapsed to a single line for Mach numbers of 0.65 
and 0.80. At a Reynolds number of 60,000 
horizontal tail lift effectiveness was maintained to 
some extent above the lift curve break at a Mach 
number of 0.65 (fig. 48(a)) but lift coefficients 
collapsed to nearly a single line at 0.80 Mach 
number (fig. 49(a)). When the tails were inverted 
and the lower fuselage fairing removed horizontal 
tail lift effectiveness was maintained over the angle 
of attack range at both Mach numbers and at all 
three Reynolds numbers (figs. 50(a) through 55(a)). 
Since the wing (MA-SC-1) is the same for both the 
upright and inverted tail configurations the only 
possible explanation for the improved lift 
effectiveness with inverted tails is the elimination of 
the low angle of attack break in the lift curves. The 
model was tested (lower fuselage fairing still on) 
with the upright tails on and the tails removed. The 
tails off data showed a break in the lift curve at 
Mach number 0.65 and a Reynolds number of 
40,000 (fig. 46(a)) at about the same low angle of 
attack as with the tails on. However, the break in the 
tails-off lift curve was less noticeable at other Mach 
and Reynolds numbers. Therefore, it appears that 
the breaks in the lift curves are due to the flow over 
the fuselage fairings and to the fuselage wake 
interaction on the tail lift effectiveness at angle of 
attack. 

The effect of horizontal tail incidence on the 
model with the swept wing configuration (MA-SC- 
lt) was not obtained. But with the tails off there was 
an increase in lift coefficient at negative angles of 
attack which decreased in magnitude with increasing 
angle of attack (figs. 56(a) through 59(a)). Above 0° 
or 1° angle of attack there was almost no lift 
coefficient contribution from the horizontal tail (6 h = 
0°) at a Reynolds number of 40,000. At a Reynolds 
number of 60,000 there was essentially no effect of 
the tails above an angle of attack of 2° at a Mach 
number of 0.65, but at a Mach number of 0.80 tails 
on lift coefficient, which was less at angles of attack 


below 0°, was greater at angles of attack up to 7° 
(fig. 59(a)). 

Pitching-moment coefficient. For the 
unswept wing configuration (MA-SC-1) with 
the tails in the upright position horizontal tail 
pitch effectiveness decreased sharply at lift 
coeffficients above the break in the lift curve at a 
Reynolds number of 40,000 at Mach numbers 
0.65 and 0.80 (figs. 46(a) and 47(a)). At a 
Reynolds number of 60,000 the break in the lift 
curve was less pronounced at a Mach number of 
0.65 (fig. 48(a)) and horizontal tail pitch 
effectiveness was maintained to a lift coefficient 
of 0.70. But at Mach number 0.80 at this 
Reynolds number (fig. 49(a)) the lift curve break 
occurred at a lower angle of attack and was more 
pronounced causing horizontal tail pitch 
effectiveness to decrease greatly above 0.30 lift 
coefficient. With the tails inverted and the lower 
fuselage fairing removed the horizontal tail pitch 
effectiveness was maintained up to a lift 
coefficient of about 0.8 (figs. 50(a) through 
55(a)). For the model with the sweptback wing 
(MA-SC-lt) addition of the tails (6 h = 0°) 
increased stability at Mach numbers of 0.65 and 
0.80 at Reynolds numbers of 40,000 and 60,000 
and trimmed the model at low positive lift 
coefficients (figs. 56(a) through 59(a)). 

Drag coefficient. In general, for the 
unswept wing configuration, drag coefficient 
decreased with increasing horizontal tail 
incidence up to 5° incidence angle with the tails 
in either the upright or inverted location. With 
the tails in the upright position, for all tail 
incidence angles or with the tails off, there was a 
discontinuity in the lift curves and drag polars in 
the vicinity of maximum lift-drag ratio (e.g. fig. 
46). The discontinuities did not occur when the 
tails were inverted and the lower fuselage fairing 
was removed (figs. 50 through 55). 

Lift-drag ratio. The largest maximum 
lift-drag ratio for the unswept wing 
configurations with the tails on was obtained 
with a horizontal tail incidence of 5°. With the 
inverted tails and the lower fuselage fairing 
removed discontinuities in the lift-drag ratio 
curves did not occur and maximum lift-drag 
ratio occurred at higher lift coefficients and was 
greater than with the tails upright and the 
fuselage fairing on. It is likely that the 
configurations with the upright tails would have 
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had higher maximum lift-drag ratios if they also had 
been tested without the lower fuselage fairing. 

Effect of Wing Trailing-Edge Flap Deflection 

Two of the unswept wing configurations were 
tested with wing trailing-edge flap deflections. The 
MA-SC-1 wing had a plain trailing-edge flap on the 
right wing (only) capable of being deflected -10°, 
0°, 10°, and 20°. Therefore when flap deflection 
was other than 0° force and moment increments in 
the lateral plane were also generated (figs. 60 
through 63). The MA-SF-1 wing configuration, 
designed to obtain the highest maximum lift 
coefficients with deflected trailing-edge flaps, had a 
split flap on each wing capable of deflections of 0°, 
10°, and 30° (figs 64 through 73). 

Plain flap configuration. Since the wing 
(MA-SC-1) with the plain flap had only a right wing 
flap the incremental effect of flap deflection on the 
longitudinal aerodynamic characteristics data of 
figures 60 through 63 should be doubled to obtain 
the total flap effect (assuming cross-flow effects due 
to flap deflection asymmetry are small). At Mach 
numbers of 0.65 and 0.80 lift was increased for 
downward flap deflections as would be expected and 
at some conditions there was a tendency for the 
break in the lift curves to shift to a lower angle of 
attack with increasing flap deflection. There was 
little effect of flap deflection on longitudinal 
stability and at positive flap deflections only small 
changes in pitching-moment coefficient level. At a 
Reynolds number of 40,000 maximum lift-drag ratio 
was obtained with 0° flap deflection but at a 
Reynolds number of 60,000 there was some drag 
polar rotation and maximum lift-drag ratio was 
obtained with 10° flap deflection. Since the flap 
extended relatively far outboard on the wing (there 
are no separate ailerns on these wings), flap 
deflection produced significant rolling and yawing 
moments over most of the angle of attack range at 
both Mach numbers and Reynolds numbers (figs. 
60(c) through 63(c)). At a Reynolds number of 
40,000 and a Mach number 0.65 (fig. 60(c)) there 
was a loss of rolling moment coefficient at an angle 
of attack of 14° with 20° flap deflection which was 
recovered at the higher angles of attack. Rolling 
moment coefficient became very irregular between 
10° and 16° angle of attack at this Mach number at a 
Reynolds number of 60,000 (fig. 62(c)) with flap 
deflections of 10° and 20°. Since the flap hinge line 


was unswept negligible side force was generated 
by flap deflection. 

Split flap configuration. The wing 
configuration with the split flaps (MA-SF-1) 
was tested over a range of Mach numbers at a 
Reynolds number of 40,000 (figs. 64 through 
69) and at Mach numbers of 0.65 and 0.80 at 
Reynolds numbers of 60,000 and 100,000 (figs. 
70 through 73). At all Mach and Reynolds 
numbers flap deflection had a stabilizing effect 
on the model at negative and low positive lift 
coefficients while at moderate positive lift 
coefficients the flap effect was more like 
adownward shift in pitching moment level. At a 
Reynolds number of 40,000 with 30° flap 
deflection the model trimmed at a lift coefficient 
of 0.48 at Mach number 0.50 (fig. 64(a)). As 
Mach number was increased the lift coefficient 
for trim with 30° flap deflection increased and 
was about 0.89 at Mach number 0.90. Minimum 
drag coefficient decreased when flap deflection 
was increased from 10° to 30° at Mach numbers 
through 0.80 and maximum lift-drag ratio was 
the greatest with 30° flap deflection (figs. 64(b) 
through 67(b)). Minimum drag coefficient was 
nearly constant with increasing flap deflection at 
Mach numbers 0.85 and 0.90 but with 30° flap 
deflection rotation of the drag polars resulted in 
the largest maximum lift-drag ratio (figs. 68(b) 
through 69(b)). At a Reynolds number of 
60,000 minimum drag coefficient at Mach 
number 0.80 was lowest with undeflected flaps 
(fig. 71(b)) but maximum lift-drag ratio again 
occurred with 30° flap deflection. However, at a 
Reynolds number of 100,000, the model with 
30° flap deflection had the highest drag and the 
largest maximum lift-drag ratio was obtained 
with 10° flap deflection at 0.65 and 0.80 Mach 
number (figs. 72(b) and 73(b)). 

Effect of Sideslip Angle 

The effect of sideslip angle on the 
aerodynamic characteristics of the model at five 
angles of attack with the tails upright (5 h = 0°) 
was determined with one unswept wing 
configuration (MA-SC-1, figs. 74 through 77) 
and the swept wing configuration (MA-SC-lt, 
figs 79 through 82) at Mach numbers 0.65 and 
0.80 at Reynolds numbers of 40,000 and 60,000. 
The unswept wing configuration was also tested 
in sideslip with the tails and tail supports 
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removed at a Mach number of 0.65 and Reynolds 
number of 40,000 (fig. 78). With the tails inverted 
(mounted from the bottom of the model) and the 
lower fuselage fairing removed, the unswept wing 
configuration (MA-SC-1) was tested through the 
sideslip angle range at Mach numbers of 0.65 and 
0.80 at 4° angle of attack with a horizontal tail 
incidence of -5° (figs. 15 and 17). 

Unswept wing configuration. With the tails 
on, the model was stable in the lateral-directional 
plane in the range of sideslip angles from -10° to 10° 
at both Mach numbers and Reynolds numbers tested 
(figs. 74(a) through 77(a)). Dihedral effect 
(geometrically the wings and tails were at 0° 
dihedral angle) generally increased with angle of 
attack at both Mach numbers and Reynolds 
numbers. With the tails off (fig. 78(a)) the model 
had decreased directional stability and had lower 
dihedral effect at lower angles of attack. Side force 
was small over the sideslip angle range with the tails 
off. There were no significant variations in the 
longitudinal aerodynamic coefficients with sideslip 
angle for either the tails-on or tails-off 
configurations(figs. 74(b) through 78(b)). 
Aerodynamic coefficient offsets at 0° sideslip angle 
may be attributed to model or tunnel flow 
assymetries or to the small increase in local 
thickness on the left wing panel from a thin sheet of 
hot film sensors wrapped around the wing (figs. 1(a) 
through (d)). 

Swept wing configuration. The configuration 
with the swept wing generally had similar levels of 
lateral-directional stability as the unswept wing 
configuration although the dihedral effect at angles 
of attack of 10° and 16° was less than at 5° (figs. 
79(a) through 82(a)). At Mach number 0.65 at a 
Reynolds number of 60,000 (fig. 81(a)) hysteresis 
was evident in the variation of rolling-moment 
coefficient with sideslip angle at 10° angle of attack. 
An explanation for this rolling moment behavior is 
available since some extra aerodyhamic data were 
taken at (3 = 0° and chordwise pressure 

measurements (at one span station) were made on 
the right wing simultaneously with the aerodynamic 
force and moment measurements. The pressure data 
at 10° angle of attack (fig. 127(a)) show that at 
positive angles of sideslip the flow on the upper 
surface of the right wing (upwind wing) was 
separated while at negative angles of sideslip the 
flow was mostly attached. The rolling-moment 
coefficient data of figure 81(a) indicate that the flow 
on the downwind wing in both cases is at least 


partially attached. The positive rolling-moment 
coefficient at -10° sideslip angle is due to a 
partial flow separation on the right wing as 
shown by the pressure coefficients of figure 
127(a). The discontinuity in the rolling-moment 
coefficient data (at a = 10°) between 0° and 
2° sideslip angles is related to how the 
0° sideslip angle setting is approached and this is 
illustrated in figure 127(a) by the pressure 
coefficient data of two additional 0° sideslip 
angle points. The three 0° sideslip angle pressure 
data points at 10° angle of attack were recorded 
in the order shown in the key of figure 127(a). 
The first 0° sideslip data point, which shows 
attached upper surface flow, was recorded after 
the model (at 0° sideslip angle) was brought up 
to 10° angle of attack from 5° angle of attack. 
The second 0° sideslip angle data point was 
taken at mid sideslip angle sweep (from -10° to 
10°) and indicates attached flow on the right 
wing also. The third data point was taken after 
the sideslip angle sweep was completed and the 
model was brought back from 10° to 0° sideslip 
angle. The force balance rolling-moment 
coefficient data taken for the first and third 
0° sideslip angle settings are shown in figure 
81(a) and when considered with the pressure 
data of figure 127(a) indicate that the flow was 
attached on both wings for the first point (zero 
rolling moment) and remained separated on the 
right wing for the third 0° sideslip angle point 
(positive rolling moment). These three different 
rolling moment results at the same sideslip angle 
setting indicate a wing upper surface flow 
separation hysteresis related to how the 
0° sideslip angle is approached. At 16° angle of 
attack the pressure data indicate that the flow on 
the right wing is separated for all sideslip angles 
and the well behaved but reduced rolling 
moment coefficient data indicate that the flow 
on the left wing is apparently also separated 
since there is no hysteresis effect. At a 
Reynolds number of 40,000 the right wing 
pressure distributions (fig. 125(a)) also indicate 
upper surface separation hysteresis effects at 0° 
sideslip angle but the variation of rolling- 
moment coefficient with sideslip angle (fig. 
79(a)) indicates that, within the range of data 
taken, when the flow separated it apparently did 
so on both wings. 

Wing Configuration Comparisons 
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There were five wing geometry related 
configurations investigated. Four wing 

configurations involved different airfoil sections or 
wing sweep and the fifth wing variation was a 
spanwise cylindrical bump (wire) cemented to the 
wing upper surface at the 15 percent chord on one of 
the unswept wing configurations (MA-SC-1). The 
intent of the bump was to energize an early 
transition and thereby increase the extent of flow 
attachment on the aft portion of the wing. The MA- 
SF-1 wing was designed so that with a split flap 
deflection of 10° it would have about the same 
amount of camber as the MA-SC-1 wing. To reduce 
the number of wing configurations compared only 
the 0° split flap MA-SF-1 configuration will be 
included. However, to compare coefficient levels of 
this configuration, which is designed to operate with 
deflected trailing-edge flaps, it would be necessary 
to refer to figures 65, 67, 70, 71, 72, and 73 where 
data are presented for the various split flap 
deflections. The configuration with the lower 
fuselage fairing removed and the tails inverted is not 
included in the wing comparison figures because the 
wing is identical to one of the other unswept wing 
configurations (MA-SC-1) and the fuselage 
configuration and tail installation are different. To 
consider removal of the lower fuselage fairing as a 
wing modification for comparison purposes it’s 
effect would have to have been isolated by testing 
without the inverted tails, or conversely, the model 
with the upright tails should have been tested 
without the lower fuselage fairing. Neither was 
done. Performance comparisons can be made at 
Mach numbers of 0.65 and 0.80 at Reynolds 
numbers of 40,000, 60,000, and 100,000 for most 
configurations. Sideslip angle was varied at constant 
angles of attack to obtain lateral-directional data 
only for the MA-SC-1 (unswept) and MA-SC-lt 
(swept) wing configurations. 

Reynolds number 40,000. At a Mach number 
of 0.65 the unswept wing (MA-SC-1) with the bump 
had the highest lift curve slope at angles of attack 
below the break in the lift curve and higher lift at all 
angles of attack (fig. 83(a)). The configuration 
designed to operate with a deflected split flap (MA- 
SF-1, 6 f = 0°) had a lift curve that was very similar 
to that of the configuration with the Eppler 387 
airfoil up to 8° angle of attack. Below the break in 
the lift curve the swept wing configuration (MA-SC- 
lt) lift curve slope was about the same as the two 
aforementioned configurations. At Mach number 
0.80 the unswept wing configuration (MA-SC-1) 


with the bump had about the same lift curve 
slope as without the bump at negative angles of 
attack, but at angles of attack between 0° and 8° 
it developed more lift (fig. 85(a)). The four 
unswept wing configurations (with tails on) had 
about the same level of longitudinal instability at 
higher positive lift coefficients at Mach number 
of 0.65 while the swept wing configuration was 
stable over the range of lift coefficients . At a 
Mach number of 0.80 the four unswept wing 
configurations were essentially neutrally stable 
at negative lift coefficients and all were slightly 
unstable at positive lift coefficients above 0.30. 
The configuration with the Eppler 387 airfoil 
had the lowest drag coefficient of the four 
unswept configurations at both Mach numbers 
(figs. 83(b) and 85(b)) but had higher drag due 
to lift so that its maximum lift-drag ratio was 
about the same as the MA-SC-1 wing 
configuration with the bump. The swept wing 
configuration had the lowest drag coefficient at 
Mach number 0.80 and its drag due to lift 
characteristics were such that it had the largest 
maximum lift-drag ratio. The swept and 
unswept wing configurations were both stable in 
the lateral-directional plane over the range of 
sideslip angles at both Mach numbers at the 
angles of attack tested (figs. 84(a) and 86(a)). 

Reynolds number 60,000. At a Mach 
number of 0.65 the lift curve slopes of the five 
configurations did not differ significantly at low 
positive lift coefficients (fig. 87(a)). The split 
flap wing configuration with 0° flap deflection 
had no lift curve break at low angle of attack at 
this Mach number. At Mach number 0.80 (fig. 
89(a)) there was little difference in the lift curve 
levels or slopes of the two MA-SC-1 
configurations (with and without bump). The 
trends in pitching-moment coefficient at both 
Mach numbers were much the same at this 
Reynolds number as at 40,000. At a Mach 
number of 0.65, drag coefficient for all four 
unswept wing configurations decreased relative 
to that measured at 40,000 Reynolds number 
with the largest decreases occurring for the 
Eppler 387 and MA-SC-1 (no bump) wing 
configurations (figs. 83(b) and 87(b)). There 
was only a small decrease in minimum drag 
coefficient for the swept wing configuration but 
at lift coefficients near maximum lift-drag ratio 
the drag coefficient decrease was large. At a 
Mach number of 0.80 minimum drag coefficient 
for the MA-SC-1 (bump on) wing configuration 
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increased slightly with Reynolds number but at lift 
coefficients near maximum lift-drag ratio drag 
coefficient decreased (figs. 85(b) and 89(b)). 
Minimum drag coefficient for the swept wing 
configuration remained unchanged with Reynolds 
number but at lift coefficients in the vicinity of 
maximum lift-drag ratio drag coefficient decreased 
so the swept wing configuration had the largest 
maximum lift-drag ratio at this Mach number also. 

Reynolds number 100,000. Data were not 
obtained with the Eppler 387 wing configuration at a 
Reynolds number of 100,000. At this Reynolds 
number only the swept wing configuration had a 
sharp lift curve break at Mach number 0.65 (fig. 
91(a)). As a result, the two MA-SC-1 wing 
configurations had significantly more lift above 3° 
angle of attack. None of the lift curves had a 
noticeable break in the low positive angle of attack 
range at 0.80 Mach number (fig. 92(a)). For the 
moment reference centers chosen, the swept wing 
configuration was the only longitudinally stable 
configuration at positive angles of attack at both 
Mach numbers. At a Reynolds number of 100,000 
drag coefficient was not affected as much by 
increasing Mach number as it was at the lower 
Reynolds numbers, with the largest reduction 
occurring for the MA-SC-1 bump on wing 
configuration. Once again the swept wing 
configuration had the largest maximum lift-drag 
ratio (fig. 92(b)). 

Fuselage Base Pressure and Drag 
Coefficients 

As is typically done for aerodynamic models 
modified for a rear sting support the drag coefficient 
data presented have been adjusted to the condition of 
freestream static pressure acting on the total axially 
projected area of the upper fuselage base as modified 
for passage of the support sting. Some examples of 
the magnitude and variation of the base pressure and 
drag coefficients with angles of attack and sideslip at 
each Reynolds number are presented in figures 93 
through 96. Figures 93 through 95 contain data 
measured during the first tunnel entry (Test 540) 
when the lower fuselage fairing was on for all 
configurations and, when installed, the tails were in 
the upright position. Figure 96 contains data 
obtained during the tests with the lower fuselage 
fairing removed and the tails inverted and mounted 
from the bottom of the model (Test 541). 


Test 540. As can be seen in figure 93(a) 
base drag coefficient increased with Mach 
number at a Reynolds number of 40,000 with the 
largest changes occurring between Mach 
numbers of 0.50 and 0.65 between angles of 
attack of 4° and 14°. The beginning of this base 
pressure difference coincides with the angle of 
attack of the lift curve break at a Mach number 
of 0.65 (figs. 28(a) and 29(a)). At the higher 
Reynolds numbers at Mach number 0.65 (figs. 
94(a) and 95) the variation of the base drag 
coefficient with angle of attack in the low angle 
of attack range more closely resembles that of 
the Mach number 0.50 data at 40,000 Reynolds 
number. There was no significant variation of 
base drag coefficient with angle of sideslip at 
constant angles of attack at Reynolds numbers of 
40,000 and 60,000 (figs. 93(b) and 94(b)). 

Test 541. With the tails inverted and the 
lower fuselage fairing removed longitudinal 
aerodynamic data were obtained at Mach 
numbers of 0.65 and 0.80 over the angle of 
attack range and lateral aerodynamic data were 
obtained over the angle of sideslip range with 
the model at 4° angle of attack. At these Mach 
numbers there were similar effects of Reynolds 
number on base drag coefficient over the angle 
of attack and sideslip ranges (fig. 96). 

Wing and Fuselage Lower Surface 
Pressure Coefficients 

During Test 540, which included all the 
different wing and flap configuration variables, 
pressure measurements were made at the same 
time as the force balance measurements. The 
small size of the model limited the amount of 
instrumentation that could be installed. A single 
chordwise row of upper and lower surface static 
pressure orifices were installed in the right 
outboard panel of each wing configuration 
except for the MA-SF-1 wing where the wing 
lower surface pressure orifices were on the left 
wing panel. An additional row of static pressure 
orifices was installed on the fuselage centerline 
from the underside of the wing leading edge 
extending aft over the fairing that made up the 
lower fuselage shape. These fuselage pressures 
were measured only briefly (with the Eppler 387 
wing configuration) since when connected they 
replaced some of the wing pressures on the 
recording instrumentation. The fuselage 
pressures were obtained over the angle of attack 
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range only at Reynolds numbers of 40,000 and 

60,000 at zero degrees sideslip angle. No external 
static pressure data on the wing or model centerline 
lower surface were obtained during Test 541 
(unswept MA-SC-1 wing with lower fuselage fairing 
not installed and tails inverted). 

Eppler 387. The configuration with the 
Eppler 387 wing was the only one tested at a Mach 
number of 0.25 (at 40,000 Reynolds number). The 
pressure coefficient distributions at this Mach 
number (fig. 97(a)) show that the negative leading- 
edge pressure coefficient peaked at an angle of 
attack of 14° and that pressure recovery occurred as 
far aft as measurements were made (x/c = 0.95). 
Above 14° angle of attack the pressure peak 
decreased and upper surface flow was completely 
separated at 20° angle of attack. At a Mach number 
of 0.65 (fig. 97(b)) the pressure distributions were 
similar to those at 0.25 Mach number up to about 5° 
angle of attack above which the pressure peak 
decreased with eventual separation aft of the 20 
percent chord. The Mach number effect on the 
pressure distributions resulted in a lift coefficient 0.2 
greater at Mach number 0.25 than at Mach number 
0.65 at 14° angle of attack (fig. 26(a)). At a Mach 
number of 0.80 (fig. 97(c)) the pressure peak at the 
leading edge was suppressed relative to that at Mach 
number 0.65 as was the pressure over the forward 20 
percent chord in the angle of attack range from about 
0° to 10°. Increasing Reynolds number to 60,000 at 
a Mach number 0.65 (fig. 98(a)) did not significantly 
change the pressure distributions up to an angle of 
attack of about 10°. Between 10° and 20° angle of 
attack the upper surface pressures were lower at 

60,000 Reynolds number and higher lift coefficients 
were obtained before the upper surface flow became 
completely separated at 20° angle of attack. At 0.80 
Mach number (fig. 98(b)) there was no significant 
effect of increasing Reynolds number on the 
pressure distributions. 

Fuselage lower surface centerline pressures 
measured at Reynolds numbers of 40,000 and 

60,000 at Mach numbers of 0.65 and 0.80 (figs. 99 
and 100) indicate that there is an increase in the 
magnitude of the negative pressure coefficient level 
over the aft 50 percent of the fairing at angles of 
attack that coincide with the break in the lift curves 
(figs. 6(a) and 7(a)). Although these lower surface 
fuselage pressures were recorded only with the 
Eppler 387 wing configuration it is likely that the 
same flow conditions exist with the other wings 
since the lower fuselage shape is the same and the 


same lift curve break occurs. Comparison of the 
lift coefficient results from Test 540 with those 
of Test 541 (MA-SC-1 wing, lower fuselage 
fairing not installed) shows that the lift curve 
break did not occur when the fuselage lower 
surface fairing was absent at a Reynolds number 
of 40,000 (compare fig. 10(a) with 12(a) or 
14(a)). 

MA-SC-1. The MA-SC-1 wing 
configuration with and without the 15 percent 
chord upper surface bump (with 8 f = 0°) was 
tested at three Reynolds numbers and with flap 
deflections at Reynolds numbers of 40,000 and 
60,000. At a Reynolds number of 40,000 the 
bump (8 f = 0°) was effective in increasing lift by 
a moderate amount at angles of attack between 
0° and 9° at Mach numbers from 0.50 to 0.80 
(e.g. figs. 83(a) and 85(a)). The portion of the 
wing upper surface flow field affected at these 
Mach numbers and angles of attack by addition 
of the bump is shown by comparison of the 
pressure coefficients of figures 101(a) through 
(d) with figures 103(a) through (d), respectively. 
At the high angles of attack, above 
approximately 9°, the bump, as planned, has no 
significant effect on the wing upper surface 
flow. At Mach numbers 0.85 and 0.90 the 
increase in lift coefficient due to addition of the 
bump was insignificant and the pressure 
coefficient distributions were similar (compare 
the data of figures 101(e) and (f) with figures 
103(e) and (f), respectively). At a Reynolds 
number of 60,000 the lift coefficient was also 
increased by addition of the bump by a moderate 
amount between angles of attack of about -2° 
and 6° at Mach numbers 0.65 and 0.80 (figs. 
87(a) and 89(a)) and the pressure coefficient 
data (figs. 107 and 109) show the affected 
portion of the wing. At a Reynolds number of 

100,000 the addition of the bump increased lift 
coefficient at angles of attack from -10° up to at 
least 4° at Mach numbers 0.65 and 0.80 (figs. 
91(a) and 92(a)), with changes in pressure 
occurring in the vicinity of the bump (figs. 113 
and 114). Variation of sideslip angle at constant 
angle of attack had only a small effect on the 
pressure distributions (5 f = 0°) at Reynolds 
numbers of 40,000 and 60,000 at Mach numbers 
of 0.65 and 0.80 (figs 106 and 112). 

The model was tested with the right wing 
flap deflected at Mach numbers of 0.65 and 0.80 
at Reynolds numbers of 40,000 and 60,000 with 
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the bump on. At both Reynolds numbers flap 
deflection increased the pressure on the lower 
surface of the wing caused a slight decrease in 
pressure on the upper surface (figs. 102 through 105 
and 108); and produced positive lift increments for 
positive flap deflections over most of the angle of 
attack range (figs. 60(a) to 63(a)). It should be 
remembered that since only the right wing flap was 
deflected any longitudinal aerodynamic coefficient 
change indicated due to flap deflection should be 
doubled. 

MA-SF-1. The MA-SF-1 wing configuration, 
expected to obtain a higher maximum lift 
coefficient with deflected split trailing-edge flaps, 
was tested at three Reynolds numbers with the flaps 
deflected up to 30° (figs. 115 through 123). At a 
Reynolds number of 40,000 Mach number was 
varied from 0.50 to 0.90 for flap deflections of 0°, 
10°, and 30° while at the two higher Reynolds 
numbers only Mach numbers of 0.65 and 0.80 were 
investigated. Deflection of the flaps increased the 
pressure on the lower surface of the wing aft of 
about the 30 percent chord at all Mach and Reynolds 
numbers producing large increases in lift coefficient 
(figs. 64(a) through 73(a)). The increase in lower 
surface pressure on the aft portion of the wing 
produced a stabilizing pitching-moment increment 
(since most of the affected wing area was aft of the 
moment reference center) and this resulted in a large 
shift in the trim point with flap deflection. As Mach 
number was increased the leading edge negative 
pressure coefficient peak decreased and the upper 
surface flow separated at lower angles of attack 
regardless of flap deflection (e.g. figs. 115, 116, or 
117). As Reynolds number was increased, at a given 
Mach number and flap deflection angle, the forward 
portion of the wing sustained higher pressure peaks 
(e.g. compare figs. 115(b) and 121(a)) and higher lift 
coefficients were obtained (figs. 65(a) and 73 (a)). 

MA-SC-lt. The swept wing configuration 
(MA-SC-lt ) was tested in the longitudinal plane at 
all three Reynolds numbers with the bump on. At a 
Reynolds number of 40,000 the model was tested at 
Mach numbers from 0.50 to 0.90 in the longitudinal 
plane and over a sideslip angle range at Reynolds 
numbers of 40,000 and 60,000 at Mach numbers 
0.65 and 0.80. At a Reynolds number of 40,000 the 
angle of attack for wing upper surface flow 
separation was about 16° from Mach number 0.65 to 
0.85 (figs. 124(b) through (e)). At a Mach number 
of 0.65 the lowest angle of attack at which the flow 
on the wing upper surface was separated decreased 


from 16° at 40,000 Reynolds number to 10° at 
100,000 Reynolds number (figs. 124(b) and 
128(a)). However, at a Mach number of 0.80 
the upper surface flow was separated at 8° angle 
of attack at a Reynolds number of 60,000 (fig. 
126(b)) while at a Reynolds number of 100,000 
it was not separated until 12° angle of attack 
(fig. 128(b)). 

As indicated in the discussion on the 
effect of sideslip on the aerodynamic 
characteristics of the model with the swept wing, 
the rolling-moment coefficient and pressure data 
indicate that at Mach number 0.65 at a Reynolds 
number of 60,000 the windward wing separates 
at 10° angle of attack and extra aerodynamic 
data taken indicate that there is separation 
hysteresis dependent on how the zero degrees 
sideslip angle is approached. At a Mach number 
of 0.80 (fig. 127(b)) the initial 0° sideslip angle 
data at 10° angle of attack also indicates that the 
upper surface flow is separated while the 
midsweep and final 0° sideslip pressure data 
does not indicate separation. This hysteresis 
effect is not shown in the rolling moment data of 
figure 82(a) since only the midsweep (3 = 0° 
force balance data are presented, however the 
rolling-moment coefficient data for that point 
are offset from zero by a large amount indicating 
flow separation on one wing panel. 

Concluding Remarks 

An investigation of the aerodynamic 
characteristics of a 1 /4-scale model of an 
airplane designed to cruise in the Mars 
atmosphere has been conducted in the Langley 
Research Center Transonic Dynamics Tunnel. 
The tests were conducted at Mach numbers from 
0.50 to 0.90 and at Reynolds numbers of 40,000, 
60,000, and 100,000. The model configurations 
included unswept wings with three different 
airfoil sections and a swept wing having the 
same airfoil section as one of the unswept wings. 
Aerodynamic force and moment and wing 
pressure data were obtained to show the effects 
of angle of attack and sideslip, tails, tail location, 
horizontal tail incidence, wing flaps, and a wing 
upper surface flow transition bump. The 
investigation has led to the following 

conclusions. 
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Lift coefficient at a given angle of attack 
increased with Reynolds number and a break in the 
lift curve at low angles of attack lessened in severity, 
or disappeared completely with increasing Reynolds 
number. When the lower fuselage fairing was 
removed and the tails inverted the break in the lift 
curve did not occur and there was a beneficial 
rotation of the drag polar with increasing Reynolds 
number. Unswept wing configurations were either 
marginally stable longitudinally or unstable over the 
angle of attack range with stability only slightly 
affected by Reynolds number changes. The swept 
wing configuration was longitudinally stable and 
trimmed at low positive lift coefficients. 

Lift coefficient decreased with increasing 
Mach number in the angle of attack range from -6° 
to 10°. At a Reynolds number of 40,000 the break in 
the lift curve that occurred at Mach number 0.65 for 
the model with the unswept wing diminished as 
Mach number increased. The lift curve slope for the 
configuration with the swept wing decreased with 
increasing Mach number at lift coefficients below 
that for the break in the lift curve, and minimum 
drag coefficient and drag due to lift generally 
increased with Mach number. The effect of 

increasing Mach number on longitudinal stability for 
both unswept and swept wing configurations was 
small and consisted of a stabilizing effect over most 
of the lift coefficient range. 

Increasing horizontal tail incidence on an 
unswept wing configuration increased lift coefficient 
at angles of attack below that for the break in the lift 
curve. Above the break in the lift curve lift 
coefficient was nearly constant for all tail 
incidences. The break in the lift curve was weaker 
but still present with the tails removed. When the 
lower fuselage fairing was removed and the tails 
inverted and mounted from beneath the wing the 
break in the lift curve disappeared and lift increased 
with horizontal tail incidence over the angle of 
attack range. Horizontal tail pitch effectiveness for 
the model with the tails in the upright position was 


greatly reduced above the break in the lift curve. 
With the lower fuselage fairing removed and 
the tails inverted and mounted from beneath the 
wing the break in the lift curve disappeared and 
pitch effectiveness was maintained up to a lift 
coefficient of about 0.8. 

Downward deflection of trailing-edge split 
flaps on an unswept wing configuration had a 
stabilizing effect on the model at negative and 
low positive lift coefficients. Increasing flap 
deflection shifted the pitching-moment curves 
downward at moderate positive lift coefficients. 

An unswept wing configuration with tails 
on was stable in the lateral-directional plane 
over the sideslip angle range from -10° to 10° at 
Mach numbers 0.65 and 0.80 and Reynolds 
numbers of 40,000 and 60,000. The swept wing 
configuration was also stable in the lateral- 
directional plane but at 10° angle of attack 
experienced wing upper surface flow separation 
hysteresis in sideslip on the windward wing at a 
Mach number of 0.65 and a Reynolds number of 
60,000. 
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Table 1. Model Pressure Orifice Locations 


Eppler 387 and MA-SC-1 wing outer 
panel orifice locations 

Upper surface 


Lower surface 

x/c 

BL/(b/2) 


x/c 

BL/(b/2) 

0 

0.667 


0.01 

0.679 

.01 

.655 


.02 

.690 

.02 

.643 


.03 

.702 

.03 

.632 


.05 

.667 

.05 

.667 


.10 



.10 




.20 



.20 




.30 



.30 




.40 



.40 




.50 



.50 




.60 


f 

.60 




.70 

.655 

.70 




.80 



.80 




.90 


r 

.90 






.95 


r 





MA-SF-1 wing outer panel orifice locations 

Right wing 


Left wing 

Upper surface 


Lower surface 

x/c 

BL/(b/2) 


x/c 

BL/(b/2) 

0 

0.667 


0.01 

0.655 

.01 

.655 


.02 

.643 

.02 

.643 


.03 

.632 

.03 

.667 


.05 

.667 

.05 




.10 



.10 




.20 



.20 




.30 



.30 




.40 



.40 




.50 



.50 




.60 



.60 




.70 



.70 




.80 



.80 




.90 


r 

.90 






.95 


r 





MA-SC-lt wing outer panel pressure 
orifice locations 

Upper surface 


Lower surface 

x/c 

BL/(b/2) 


x/c 

BL/(b/2) 

0 

0.540 


0.0122 

0.552 

.0102 

.526 


.0215 

.567 

.0204 

.513 


.0306 

.582 

.0308 

.499 


.0481 

.540 

.0514 

.540 


.0969 



.1007 




.1998 



.2015 




.2996 



.2999 




.4013 



.4012 




.4957 



.5003 




.5946 

1 

r 

.6026 




.7033 

.552 

.7015 




.8001 

.554 

.8029 




.8976 

.554 

.9000 






.9533 


r 





Pressure orifice locations on 
centerlines of wing 
lower surface and 
lower fuselage fairing 

x/1 

BL/(b/2) 

Location 

0 

.05 

.10 

.20 

.30 

.40 

.50 

.60 

.70 

.80 

.90 

.95 

( 

1 

) 

r 

wii 

wii 

fuselag 

;e fairing 

r 




Table 2. Streamwise Outer Wing Panel Non-Dimensionalized Airfoil Ordinates 
(a) Wing Configurations: Eppler 387, MA-SC-1, and MA-SC-lt 


22 


Eppler 387 


MA-SC-1 


MA-SC-lt 


Upper surface 

Lower surface 



Upper surface 

Lower surface 



Upper surface 

Lower surface 

x/c 

z/c 

z/c 


x/c 

z/c 

z/c 


x/c 

z/c 

z/c 

0.00000 

0.0000000 

0.0000000 


0.00000 

0.0420357 

0.0420357 


0.00000 

0.0420357 

0.0420357 

0.00107 

0.0034084 

-0.0028322 


0.00107 

0.0461225 

0.0364536 


0.00107 

0.0454790 

0.0370971 

0.00428 

0.0081929 

-0.0055322 


0.00428 

0.0497618 

0.0331445 


0.00428 

0.0486558 

0.0342505 

0.00961 

0.0132968 

-0.0077293 


0.00961 

0.0532566 

0.0305476 


0.00961 

0.0517452 

0.0320590 

0.01704 

0.0191197 

-0.0099203 


0.01704 

0.0566782 

0.0282004 


0.01704 

0.0547829 

0.0300957 

0.02653 

0.0252076 

-0.0114917 


0.02653 

0.0600385 

0.0260040 


0.02653 

0.0577733 

0.0282692 

0.03806 

0.0310310 

-0.0128569 


0.03806 

0.0633457 

0.0239414 


0.03806 

0.0607232 

0.0265639 

0.05156 

0.0367627 

-0.0139416 


0.05156 

0.0665637 

0.0220337 


0.05156 

0.0636000 

0.0249974 

0.06699 

0.0424885 

-0.0146232 


0.06699 

0.0696612 

0.0203130 


0.06699 

0.0663768 

0.0235974 

0.08427 

0.0480120 

-0.0150100 


0.08427 

0.0725993 

0.0188146 


0.08427 

0.0690197 

0.0223942 

0.10332 

0.0533642 

-0.0150730 


0.10332 

0.0753461 

0.0175653 


0.10332 

0.0715005 

0.0214109 

0.12408 

0.0584247 

-0.0149019 


0.12408 

0.0778798 

0.0165817 


0.12408 

0.0738001 

0.0206614 

0.14645 

0.0630278 

-0.0145405 


0.14645 

0.0801809 

0.0158732 


0.14645 

0.0759009 

0.0201532 

0.17033 

0.0672437 

-0.0139533 


0.17033 

0.0822370 

0.0154415 


0.17033 

0.0777914 

0.0198871 

0.19562 

0.0711200 

-0.0132117 


0.19562 

0.0840419 

0.0152821 


0.19562 

0.0794656 

0.0198584 

0.22221 

0.0745528 

-0.0123303 


0.22221 

0.0855930 

0.0153843 


0.22221 

0.0809203 

0.0200570 

0.25000 

0.0774584 

-0.0113299 


0.25000 

0.0868731 

0.0157425 


0.25000 

0.0821390 

0.0204766 

0.27886 

0.0797841 

-0.0102509 


0.27886 

0.0878643 

0.0163443 


0.27886 

0.0831043 

0.0211043 

0.30866 

0.0814413 

-0.0091149 


0.30866 

0.0885531 

0.0171700 


0.30866 

0.0838022 

0.0219209 

0.33928 

0.0823341 

-0.0079451 


0.33928 

0.0889284 

0.0181925 


0.33928 

0.0842206 

0.0229003 

0.37059 

0.0824047 

-0.0067774 


0.37059 

0.0889798 

0.0193779 


0.37000 

0.0843475 

0.0240102 

0.40245 

0.0816592 

-0.0056067 


0.40245 

0.0886967 

0.0206851 


0.40200 

0.0841702 

0.0252116 

0.43474 

0.0801289 

-0.0044466 


0.43474 

0.0880677 

0.0220697 


0.43400 

0.0836752 

0.0264622 

0.46730 

0.0778440 

-0.0033131 


0.46730 

0.0870817 

0.0234808 


0.46700 

0.0828488 

0.0277137 

0.50000 

0.0749014 

-0.0022565 


0.50000 

0.0857269 

0.0248651 


0.50000 

0.0816763 

0.0289157 

0.53270 

0.0714091 

-0.0012893 


0.53270 

0.0839924 

0.0261657 


0.53200 

0.0801437 

0.0300143 

0.56526 

0.0674303 

-0.0003958 


0.56526 

0.0818692 

0.0273239 


0.56500 

0.0782389 

0.0309542 

0.59755 

0.0631312 

0.0004336 


0.59755 

0.0793504 

0.0282809 


0.59700 

0.0759515 

0.0316798 

0.62941 

0.0586289 

0.0011751 


0.62941 

0.0764362 

0.0289796 


0.62941 

0.0732777 

0.0321381 

0.66072 

0.0540103 

0.0017973 


0.66072 

0.0731291 

0.0293693 


0.66072 

0.0702167 

0.0322817 

0.69134 

0.0493381 

0.0023103 


0.69134 

0.0694411 

0.0294073 


0.69134 

0.0667767 

0.0320717 

0.72114 

0.0446601 

0.0027241 


0.72114 

0.0653921 

0.0290634 


0.72114 

0.0629742 

0.0314812 

0.75000 

0.0401147 

0.0030430 


0.75000 

0.0610106 

0.0283223 


0.75000 

0.0588350 

0.0304979 

0.77779 

0.0357161 

0.0032567 


0.77779 

0.0563376 

0.0271866 


0.77779 

0.0543975 

0.0291267 

0.80438 

0.0314387 

0.0033583 


0.80438 

0.0514258 

0.0256770 


0.80438 

0.0497121 

0.0273907 

0.82967 

0.0273681 

0.0033741 


0.82967 

0.0463339 

0.0238313 


0.82967 

0.0448362 

0.0253290 

0.85355 

0.0235242 

0.0032916 


0.85355 

0.0411332 

0.0217047 


0.85355 

0.0398401 

0.0229978 

0.87592 

0.0199281 

0.0031140 


0.87592 

0.0359018 

0.0193638 


0.87592 

0.0348011 

0.0204645 

0.89668 

0.0165964 

0.0028440 


0.89668 

0.0307254 

0.0168840 


0.89668 

0.0298042 

0.0178052 

0.91573 

0.0135412 

0.0025349 


0.91573 

0.0256956 

0.0143470 


0.91573 

0.0249403 

0.0151023 

0.93301 

0.0107741 

0.0022374 


0.93301 

0.0208964 

0.0118292 


0.93301 

0.0202929 

0.0124327 

0.94844 

0.0083276 

0.0019219 


0.94844 

0.0164175 

0.0094066 


0.94844 

0.0159509 

0.0098732 

0.96194 

0.0062416 

0.0014819 


0.96194 

0.0123467 

0.0071516 


0.96194 

0.0120009 

0.0074974 

0.97347 

0.0045463 

0.0008941 


0.97347 

0.0087561 

0.0051242 


0.97347 

0.0085144 

0.0053659 

0.98296 

0.0031955 

0.0003033 


0.98296 

0.0057228 

0.0033850 


0.98296 

0.0055672 

0.0035406 

0.99039 

0.0021575 

-0.0002059 


0.99039 

0.0032843 

0.0019646 


0.99039 

0.0031965 

0.0020524 

0.99572 

0.0014198 

-0.0005876 


0.99572 

0.0014885 

0.0009003 


0.99572 

0.0014494 

0.0009394 

0.99893 

0.0009773 

-0.0008216 


0.99893 

0.0003782 

0.0002299 


0.99893 

0.0003683 

0.0002398 

1.00000 

0.0008300 

-0.0009000 


1.00000 

0.0000000 

0.0000000 


1.00000 

0.0000000 

0.0000000 
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Table 2. Concluded 
(b) Wing Configuration MA-SF-1 


MA-SF-1 

0° flaps 

10° flaps 

30° flaps 


Upper surface 

Lower surface 

Lower surface 

Lower surface 

x/c 

z/c 

z/c 

z/c 

z/c 

0.00000 

0.0012120 

0.0012120 



0.00107 

0.0034344 

-0.0015459 



0.00428 

0.0063922 

-0.0029669 



0.00961 

0.0094444 

-0.0038820 



0.01704 

0.0126613 

-0.0044308 



0.02653 

0.0159256 

-0.0045979 



0.03806 

0.0192885 

-0.0045236 



0.05156 

0.0227393 

-0.0043112 



0.06699 

0.0262612 

-0.0040290 



0.08427 

0.0297763 

-0.0036794 



0.10332 

0.0332327 

-0.0032596 



0.12408 

0.0366172 

-0.0028063 



0.14645 

0.0398922 

-0.0023431 



0.17033 

0.0430203 

-0.0018789 



0.19562 

0.0459714 

-0.0014298 



0.22200 

0.0487116 

-0.0010041 



0.25000 

0.0512150 

-0.0006182 



0.27800 

0.0534553 

-0.0002842 



0.30800 

0.0554078 

-0.0000172 



0.33900 

0.0570473 

0.0001712 



0.37059 

0.0583364 

0.0002781 



0.40245 

0.0592503 

0.0002848 



0.43474 

0.0597682 

0.0001661 



0.46730 

0.0598463 

-0.0001030 



0.50000 

0.0594093 

-0.0005711 



0.53270 

0.0583470 

-0.0013549 



0.56526 

0.0567849 

-0.0022904 



0.59755 

0.0547970 

-0.0032729 



0.62941 

0.0524349 

-0.0042291 



0.66072 

0.0497362 

-0.0050980 



0.69134 

0.0467337 

-0.0058216 



0.72114 

0.0434154 

-0.0063035 



0.75000 

0.0397600 

-0.0064592 



0.77779 

0.0357915 

-0.0062569 

-0.0062569 

-0.0062569 

0.80438 

0.0316181 

-0.0057734 

-0.0067587 

-0.0109333 

0.82967 

0.0274499 

-0.0051623 

-0.0105777 

-0.0246582 

0.85355 

0.0234075 

-0.0044807 

-0.0140699 

-0.0374373 

0.87592 

0.0195201 

-0.0037227 

-0.0172145 

-0.0492285 

0.89668 

0.0158371 

-0.0029141 

-0.0200281 

-0.0600623 

0.91573 

0.0124342 

-0.0021052 

-0.0225519 

-0.0700062 

0.93301 

0.0093832 

-0.0013577 

-0.0248404 

-0.0791745 

0.94844 

0.0067610 

-0.0007344 

-0.0269474 

-0.0876268 

0.96194 

0.0046080 

-0.0002745 

-0.0289016 

-0.0953936 

0.96659 

- 

- 

- 

-0.0982269 

0.97347 

0.0029303 

0.0000122 

-0.0306933 

- 

0.98296 

0.0016883 

0.0001540 

-0.0322847 

- 

0.98320 

- 

- 

- 

-0.0490000 

0.99039 

0.0008412 

0.0001736 

-0.0336649 

- 

0.99466 

- 

- 

-0.0345284 

- 

0.99490 

- 

- 

-0.0174000 

- 

0.99572 

0.0003373 

0.0001066 

- 

- 

0.99893 

0.0000798 

0.0000301 

0.0000301 

0.0000301 

1.00000 

0.0000000 

0.0000000 

0.0000000 

0.0000000 
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Table 3. Measured Longitudinal Coordinates of the Body-Eppler Wing Combination 
1. BL = 0.0, 0.35, 0.70, and 1.05 


BL = 0.0 


Lower surface 

KM 

MB 

H1B 

mb 

BltMM 

giEitna 

EnTOEi 

Enema 

ebm 

EBM 

avgairl 

EtM 

giEPn 

EMITS] 

ebm 

EMU 

ebm 

EBU2I 

ElElfcf] 

EEM 

BlEIKS 

EmU 

EMI 

gjir^iw 

mmwa 

kimritf.i 

BiESIH 

EEM 

BlKMitl 


EM 

EEM 


Emu 


gasan 

EBSEU 

EHB3 

Ema 

EEM 


mam 

Eintwira 

EflTOri 


mmm 

EMU 

EH 

Effllflrta 

BilESl 

EM 

EEM 

mmwfj 


BBSS 

EiEEiM 

EBM 

Ema 

EQ 

EBM 

Emu 

Ema 

■11 MIIIl 

EjBHU 

■unm 

bieu 

EBM 

EEM 


amKBKn 

emu 

EMU 


mwaHi 

emu 

eiubmi 


ebhi 

EMU 

EflPMlH 

■nrota 

EMU 

EMU 

E 

■IEBIM 

ebm 

EMU 

BEE 

Emu 

EBEEU 

EMI 

BUBEBH 


BiHiiirai 

EMU 

BMU 

EBffl 

EMU 

wmm 

bbm 

Ema 


mm 

PlKWilll 

EMU 


mam 

beiiiim 

emu 

WilSEH 


HEHSB 

hehu 

EBUsU 

waam 

B 

BfMiaaa 

ehhi 

rnxmi 

BBBEH 

EEE1 

ebm 

mm 

B 

ama 



HE 

iaaaaa 

ebm 

■dram 

g'lEWi*?: 

nma 

jgURTiTgl 


M 

M 

EHES??i 

MM 

HEM 


Em a 

wxtm 

B 

mimn \ 

emu 

tfeKtilM 

KIEEiE! 

maa 

ElTTSm 

hum 

EMU 

eee 

■HKWM 

Baessn 

awa; 

B 

EM 

ie«s»a 

HEM 

EBEBi 

emu 

Man 

HE 


aiiKitiiM 

EH 


v/jAm 

jjitcMta 

SaaasH 

HUES 

EEEfl 

Emu 


»%» 

■IKM 

EEM 

mma 

REEKil 


eem 

EM 

BBM 

feMIttli 

ffillBIHlIi 

EM 

BUM 

giaggi 

Ema 


BUM 

im 

Ema 

■araTita 

bkeri 


bum 


kehki 

■tifc'ni 

Eiimi 

EMU 

SKtMil 

■tEWita 

■waaaa 

■bumei 

BBEl 

nesta 

BWiMM 

EM 

BIBiHa 

wantim 

emu 

EBBU 

bbm 

■acma 

EgjfcU 

ebbuu 

BMU 

Kttwaff 

emu 

emu 

HEM 

jsiKren 

e iwata 

emu 

EH 

grswa 

■twr.M 

ebm 

EHfl 

EM 

ElTiCBM 



«a? bbh 

EMU 




BL 

= 1.05 


IM.14I.-WM44 

Lower surface 

Ha 


E3 

mb 

EHM 

BMP 

glMRH 

ebm 

eheu 

EMS 

ehb 

Enron 

EHUa 

am« 

EMU 

gnesna 

EBM 

EH 

EH 

ebm 

BMP 

EEU 

Emu 

ebm 

Eiiiaa.i 

EES 

WgIM 

ebm 

g-.Sfrin 


Emu 

ebm 

EIMKffla 

E8M 

emwifi 

Enron 

BUM 

Biwitaa 

ElltlVM 

ebm 

emb 

BMZlB 

E«ft/ita 

ElElittl 

B 

KBEttH 

EBM 

ebm 

EBM 

EHE3 

EBM 

ebm 

EEM 

EBai 

ebh 

ebm 

he a 

eeb 

ebh 

ebm 

■I1ME1 

E8M 

ebm 

Enema 

■11 MSI 

EllWM 

EBILfl 

ehbe 

EMU 

EHHI 

Emu 


B 


EHH 

EH 

Emm 


Emu 

EIMM1 

■nwaita 

BIIIIIMI 

HM 

Emu 

EMU 

■UtlMlIl 

■n>m'i 


llBMI 


EBM 


EM 

■iiewa 

EBM 

EWiWrl 

EM 

E1M 

BEUU 

bh 


EH 

BEiiiU 

BUM 

EMU 

eeb 

tawiffia 

BUM 

Emu 

EBffl 

bem 

bbm 

EEM 


B 

BBM 

wizna 

E£M 

atiMiiiEi 

BMP 

■ikkkm 

BBM 


BBM 

EEM 

EMU 


mmm 

BEM 

eeh 

B 

mm® 

bem 

■IKliWM 

jfrESTffi 

BHU 

r«'^« 

■■itaaii 

HU 


BMU 

beep 

BM 

BH 


ehh 


mam 

■Rain 

■iWitill 

#xim 

mam 

EMU 


mn-m 

BHU 

BBffl 

EHU 



HEM 

EHU 

B3EEEH 

BES2 

feliWS 

mwtm 

hub 

mvsm. 

HE 

EHU 

B 

mwm. 

wmm 

eeb 

mm 

mam 


HWttl 

B 

mwzrn 

EM 

EH 

B 

Kt mm 

aaagna 

■IWiMl 

mwmi 

BMP 


Esaa 

Emu 

BHU 

wwxm 

ESM 

BUB 

mwim 

wmsm 

EHP 


mnm 

wmm 

Eiaa 

B 

BBM 

EM 



BUM 

nrsi .1 

ehb 

B 

BUM 

BMP 

eeh 

ebm 

EBM 

EM 

EBM 

EEE1 

Emu 


EMU 

■ EMM 

EIKIKI1 

wjfim 


mwfitm 

Bam 

EM 

ffiiiiena 

BMCil 

Eiiriterii 

wmm 


emb 


IH 


B 

EBM 

EM 


IH 

EHU 

EM 

eeb 

gnanai 


EM 



Emu 

EM 

EHM 

mwMfi 

EH 

■ilHKCl 

EtM 

BUB 

EBM 

■.inana 

EtM 

huh 

EBM 

wstam 

EBM 

Emu 

BBUU 



BL 

= 0.70 


Essnssi 

Lower surface 

HU 

»/■ 

H&l 

mm 

Emu 

ebm 

EBM 

ebm 

ehb 

Eg 

ebm 

ebm 

ebm 

emu 

wmm 

ebm 

EIK1KI1 

EBM 

wmm\ 

ebm 

ebm 

ebm 

ebm 

ebhb 

e mu 

emu 

Emmi 

ebm 

ElWiMI 

emu 

wmsm 

ebuu 

wmm 

Emu 

ElWifctll 

ebm 

Emu 

Emu 

Enroa 

ebm 

EHU 

ElWtOil 

Emu 

ebm 

EBM 

wmtm 

EBM 

ebm 

Emu 

EMU 

EBM 

ebub 

Eiiraai 

Emu 

EBM 

BlKlMa 

EBM 

EllIllAI 

EBM 

emu 

Ema 

ebm 

EBB 

Emu 


ebm 


BI1KKH1 

gntnma 


KIIIEM.1 

Ema 

HIIIIKM 


EBM 

ebm 

EHU 

gtTlWil 

ebm 

BlWilM 

Eg 



biiw:«i 

EBM 

Esau 

ebm 

ebm 

ebm 

ebm 

BH 

HEM 

ebm 

ebbu 


BM 

EBM 

Emu 

EB 

BB 

EMU 

mmm 

EB 

mmm 

ebm 

EBM 

HE 

BH 

ebm 

mmm 

wtam 

BUSTS] 


ebm 

wmm 


Emu 

ebm 

ama 

rnmmi 

ebm 

ebm 

wmm 

mmm 

EBM 

ebb 

he 

■■6Kll 

EBM 

Ema 


HEflU 

Emu 

Emu 

nwtiaH 

HEM 

EBM 

Emu 

WBH33 

hem 

BUM 

■nr.'iwa 

wxtwa 

hem 

Mfcan 

Kiiaaa 

mmm 


ESSIjg 


mmm. 




mwam 

hem 

BEUU 

EBB 

wwam 

hem 

BEH 

BSlHEiri 

HI 

hem 

BBM 

EMU 

BB 


BEUfl 


HI 

hem 

fegStiCl 

EBai 

WMM 

hem 

BBM 

Emu 

imu 

BgRina 

bimwi 

emu 

HE 

hebi 

BBM 

Earn 

Emu 

hem 

M 

eib 


H EM 

BU 

EBM 


HEaa 


Emu 

BH 

HEM 

ElgiHl 

Emu 

B 

hem 

tBMI 


HttlL 1 ! 

hem 


ebm 


HEM 


Emu 

HI 

HB 

UH 

ehb 

EBB 

nwtais 

mmm 

Emu 


HHU 

■ansa 

Emu 

■atatiw 

HEM 

miam 

Emu 

HH 

HEM 

Emu 

ebm 

him 

hem 


Ema 

ebm 



ebm 

HM 

BlBItfill 

ehu 

Emu 

Baa 

Ema 

EBUa 

ehu 

Hffl 

Emu 

EBUU 

ehhi 

HE 

ebm 

EBHU 


■awicra 

ebm 

BMsU 

EHU 

Eapa 


BH 

EH 

ebb 

Ema 


BL = 0.35 


Lower surface 

BM 

mm 

■a 

mm 

MSS?! 

ebm 

emu 

ebh 

garoa 

Elg'lRII 

Eiiiraifa 

ebm 


ebm 

emu 

EBUU 


Emu 

emu 

Enegma 

Eniaagf 

ebm 

EBSU 

ebm 

EBM 


ebm 

ebm 

ElMiM 

ebm 

Ema 

ebm 

Emu 


Eim-ia 

ebm 

Emu 

Emu 


ebm 

EBM 

Bim-n 

emzffl 

ebm 

Emu 

cnersa 

ebm 

ebm 

Mttsggl 

Ema 

ebm 

Ema 

iLEHM 

Emu 

ebm 


emm 

Ema 

ebm 

BBSS 

Emm 

ebm 


Ema 

Emu 

Biirena 

ebm 

EBH 


EH 

ebm 

ebm 

ebusi 

ebm 

Emu 

EBH 


BiflMgl 

imu 


ebm 

ebm 

ebhb 

Ema 

Eimi 

ebm 

Emu 

■Titan 

EESI 

Ema 

■gj«?i 

HBHU 

Ema 

■intciaa 

hmb 

IHH 

■IKHS] 


HB 

HBEU 

ebm 

ebm 

HH 


ebm 

ebuu 

wmai 

HMU 

Ema 

B 


HiH 

n§gj 

■iirsia 

HI 

HUM 


eem 

ebm 

HUM 

BIWKM 

Emu 

muu 

HUM 


■•waai 

HH 

hem 

Eimi 

Emu 


HEM 

Ema 

Ema 

WitMl 

‘Zv*.'t:jpy. 

ebm 

Emu 


hem 

HEM 

Ema 


mmm 

HEM 

Emu 

wmsm 

HEM 

StSESM 

ebm 

B8EH3a 


Hgaas?! 

Ema 

HUU 

hem 

BHU 

mmm 

HH 

hem 

nma 

EBM 

HS 

assign 

EEUSa 

Emu 

hh 

hem 

EMU 

ebm 

■tira.ii 


ima 

Ema 

iKiaaa 

hem 

■isgst 

Emu 

hbh 

hem 

HIM 

Ema 

iKiazta 

hem 

amtHit 

mmsfi 

HH 

hem 

BEH 

Ema 


BMP 

HE 

Ema 


es*.rifi»j 

muu 

Emu 



mam 

Emu 

Emu 

HSB3 

ebm 

Emu 

iftwrara 

hbh 

HH 

Emu 


Hiaa 


Ema 

HE 

BIL'11.1 


Emu 

HBBU 

HiEEU 

wmm 

■ntitgga 

HBaai 

HUM 


Ema 


ebm 

HI 

■imcna 

EBM 

Emu 


Ems 

HH 

ebm 

Emu 

wmm 

wnam 

Ema 

Emu 

Ema 


Eiiswa 

BSSfeH 

«nr:rea 



gjgarn 

BIWHIM 



ebm 

Emu 



nma 

BlWI.»t 



wimm 

HiBi224 



m 

ebsu 
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Table 3. Continued 


(b) BL = 1.4, 1.75 2.00, and 2.272 



BL 

= 1.40 



Lower surface 

Ha 

■Vila 

■g 

m 

BriWtSSIS 


ehh 





BB 

jgjgg 

BEHH 


Bse?zi 

EEM 

BB 

ehh 

ebb 

«nns3a 

KBgBB 

anwiiE 

BB 


EEM 



gitretaa 

giwaaa 

BB 


igflaasa 

Eaai 

BM 

BB 


wmm 

*iW:*r.1 

wmsm 



ehh 


iM 

minsm 

eem 

EjEgEll 

jgflESTiH 

ebb 

B 

ehh 

gusseta 



BB 


BjiJBESSl 

BB 

ehh 

■tiBHiia 

Etitr.fiT.i 

■«:«:« i 

emi 

man 

BB 

nmcRsm 

EBRggl 

S: 

EBBHiH 

eehh 

BB 

■*E«a 

BitnnnH 

BB 

mmtm 


mmm 

— 

BH 


IH 

gSUsSEffl 

ebeh 


■Btiigm 

BSKflga 

g>reaii 

aKfesca 

gntnasa 


ebb 

fitagaeg 

EH 


eeh 

eem 

tsiasres 


EltEfcSSi 

■gum 

BBffl 


EiKZEB 

mmm 

mmm 

s mmm 

maasa 

iwm 

rnmum 

KHtwai 

ehh 

BSgii 

BB 

iMtKfflri 

EB 

iCTsaaa 

BtuKsaa 

BB 

Eiismsgi 

WiajB3 

mt mm 

wxvm 

mmm 


EM 


emrgma 

EBM 

aaaa 

waesm 


mag 

BMP 

awsmq 

Eimia 

HEiKa 

■mama 

mmm 

eem 

BM 

■nseeta 

wxista 

wmim 

bhm 

■ttsssa 


wiimm. 

E SBSWB 

araasri 

y-«?n 

EES 

■» SiEH 

BB 

■Jpa.ni 

BBBSESa 

&■»!:« 

BB 


tSiMSSS 

waHaaii 


Ml 

EEM 

■BBMEi 

Biiwasri 

asaegna 

gagsaa 

mm 

guttsfti 


wmm 

HSMaaiw 

BM 

eem 

enagaa 


aaaa 


mmm 

j bhb 

gflBSjH 

nasssti 

EHBiBB 

■aaam 

BB 

bbh 

smm 

Mfefcg!lM 

K-tKWiil 

bmi 

ehh 

Banana 

Bstesrai 


giTitift, 

MUKir.M 

BM 

ehh 

gntsaaa 


jgilBHii 

■tsseia 

mmm 

■assent 

aarega 

IKXMSI 

ehm 


behh 

■aseim 

tasesfl 





— BiKM 

BM 

aartntta 

enasH3 

BM! 8 

BB 

bb 

BB 





Wk&fSx! 




m&ma 

BHM 

ftar&Hii 

BBS 

■naa 

Banana 


mmm 



■EBTH 

BflEHSH 





WSfllM 

mmm 

BB 

bbh 

mmm 

EEHB 

igSPigSl 

eehh 

BEM 

mmm 

greasi 

behh 




HtKlMi 

EMI 

cneeHa 

EHili 

EitsnBn 



BL 

= 2.272 

mmm 

| Lower surface 

n 

■Vi— 

EM 

■Vi— 

BB 


BBBH 






■BEHil 

gnEEtaa 

BBB 

ismm 

■eh 

BM 

bbeeb 

wmm 

BE j, \ 


gniaaa 

a 9BiU 





i — eebi 

eem 

BBnaa 

BUSH 

IB 

Kicaa 

1KWBTSJ 

EEM 

WmttBEgl 

giiiaM 

bmh 






BESS 

BBHiS 

BB 

EIK8K1 

BBSS 

BIB 

bbseh 

EM 

WSBSBB 

mums 

BBM 

Ellfcsee] 

wan 

BM 


Ellfcgfcgl 


EtlBaSBI 

■r.wi 

BH 

■■aaaa 

BBM 

bbhh 

ElMSili 

■r.iip 

EBHH 

bbhh 

eeh 

BB 

Eiimata 

BH 

Eiwwa 

BUB 

BBBHSFi 

Hasiaa 

EM 

BB 

giMfifi 

E WB 

EffliHiH 

bhh 

gaffiwa 

wmm 

gjEH 

BHH 

BM 


BB 

bbhh 

BBE 

gjisea 

grama 

ehh 


wwm 

B1M 

eb 

emh 

EM 

Bwsaa 

1»BB 

bmh 


gitswaa 


BBM 


beh 

BXiiisa 

BBM 

BmWiEl 

ElKtSVl 

WEH33 

BSM1 


Kmisn 

mmi 

BBM 

BEE 

BBS1 


■innnu 

beh 

EES 


giTtifna 


BMill 

&»UK ll 

garffiK 


wimm 

BBM 

mmm 




giltERB 



ehh 

gffftEB 



BB 

gjliSiM 




BBM 




BBM 



bees 

BBB 




EilBSP 



BBWB 

BtiL'i'ia 



■wan 

EEI23 



BEE 

WiKtiil 



mmm 

EllStfiSt 




BL = 1.75 

BSSSESB'- 

Lower surface 

MM 

■Vi— 

EEB 

■Vi— 

KHWISI 

EIMM1 

beh 








bmh 

gffltHE] 

bmh 

gnsTiwa 

KilSHSl 

E1M 


eawaiii 

KiiSRgSt 

attisee] 

behi 




wmm. 

EM 

■lTVlW.1 

Eifcr.taa 

EiTiStta 

EM 

■iT.unta 

giitgaa 

gfiigm 

gi^tna 







beh 

EB 

KBEiiat 

gffltessi 

EtltsaeM 

pfyjjsj 

WfMSE 

bebbh 

B2EI 

BB 

mmm 

bem 

EEHH 

bheeh 

bhm 

g'TifeO 

BEHH 

EM 

bhm 

mmm 

bhbb 

ehh 

■wish 

bem 

BEliSfl 

glTillgit 


BEiai 

Bnaa 

EM 

fcgnTfti 

EiElfSl 

bb-s« 

EiliSSTI 

tp*s«l 

gjgnnt; 

BM 

EintMi 


behh 

behh 

Bum') 

EM 

bem 

BK«rn 

B EM 

SKiitian 

bem 


BjEHH 


bem 

BEES 

EM 

EEBjS 

Cigna ; 

Blssas 

BEE 


gjgmai 

bem 

bhbsh 

ehh 

bem 

ehh 

bhm 

BEE 

bem 

'smm 

bhm 

gKIH3 

BEM1 


bhm 

B^a 

bem 

WMWJ 

bhm 

rrftiiM 

bem 


bhm 

bhb 

bem 

aafitti'in 

bhm 

BHM 

bem 

bshii 

bhm 

bhm 

bem 

3s>3f:es?a 

bhm 


bem 

EM 

bhm 

EM 

bem 

■atnaa 

gflHEHl 


isssaa 

ebb 




menmm 

mixm 

BM 

EM 

bem 



BL 

= 2.00 



Lower surface 

Ha 

■Vi— 

Ha 

■Vi— 

g;EU’>3 

e - kh 

bmh 

mmm 

ggagm 




giT:»zi 

BM 

URBga 

Bata 

bmh 

BB 

bem 

BHM 


aUKHEl 

m 

EM 





bhm 

^iaaaa 

irdtasa 

behh 

bhm 

bem 

■AReiaa 

eem 

gflCTien 

g—iBa 

MiieiBa 

amaara 

BEM 




i—n^B 

bib 

bhm 

eem 

bem 

EitsBeta 

em 

BEi^H 

bem 

BlESfl 

eem 

eem 

behh 

bibh 

IWMElSa 

EM 

BB 

bebbh 

EES 

BB 

BHM 

em 

em 

eem 

BEM 

bem 

’bluZVA 

bem 

■KISH 

bhm 

em 

BB 

BEM 

behh 


wsmm 

behh 

bhm 

■asEHi 

girnizet 

eebh 

girmai 

em 

bem 

«K3835i 

gitTmiM 


eem 

behh 

eebhi 

■aEBga 

bem 

em 

em 

Mffim 

eem 


bhm 

bebbj 

bem 

tmwt 

bhm 

EStTO 

eem 


bhbih 


eem 

gaagiH 

bhm 

em 

eem 

wm^im 

glllllSM 

em 

eem 

WBKl 

ebbh 

EKWiHaa 

gigrreffl 

■xseia 

em 


bhm 

t— ti 

bhm 

bhhh 

bhm 

WWTXi 

behh 

HilBgHg 

EitEIEffl 

wxsim 

bhm 



BBI 

Him 



KKgan 

awnna 




g'Wffl 



•j-mm 

bebbh 



Bata 

BM 



lEKtgE] 

bbhh 



BHttli] 

bem 



BEM 




bhm 

bheeh 
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Table 3. Measured Longitudinal Coordinates of the Body-Eppler Wing Combination 
1. BL = 0.0, 0.35, 0.70, and 1.05 


BL = 0.0 


Lower surface 

KM 

MB 

H1B 

mb 

BltMM 

giEitna 

EnTOEi 

Enema 

ebm 

EBM 

avgairl 

EtM 

giEPn 

EMITS] 

ebm 

EMU 

ebm 

EBU2I 

ElElfcf] 

EEM 

BlEIKS 

EmU 

EMI 

gjir^iw 

mmwa 

kimritf.i 

BiESIH 

EEM 

BlKMitl 


EM 

EEM 


Emu 


gasan 

EBSEU 

EHB3 

Ema 

EEM 


mam 

Eintwira 

EflTOri 


mmm 

EMU 

EH 

Effllflrta 

BilESl 

EM 

EEM 

mmwfj 


BBSS 

EiEEiM 

EBM 

Ema 

EQ 

EBM 

Emu 

Ema 

■11 MIIIl 

EjBHU 

■unm 

bieu 

EBM 

EEM 


amKBKn 

emu 

EMU 


mwaHi 

emu 

eiubmi 


ebhi 

EMU 

EflPMlH 

■nrota 

EMU 

EMU 

E 

■IEBIM 

ebm 

EMU 

BEE 

Emu 

EBEEU 

EMI 

BUBEBH 


BiHiiirai 

EMU 

BMU 

EBffl 

EMU 

wmm 

bbm 

Ema 


mm 

PlKWilll 

EMU 


mam 

beiiiim 

emu 

WilSEH 


HEHSB 

hehu 

EBUsU 

waam 

B 

BfMiaaa 

ehhi 

rnxmi 

BBBEH 

EEE1 

ebm 

mm 

B 

ama 



HE 

iaaaaa 

ebm 

■dram 

g'lEWi*?: 

nma 

jgURTiTgl 


M 

M 

EHES??i 

MM 

HEM 


Em a 

wxtm 

B 

mimn \ 

emu 

tfeKtilM 

KIEEiE! 

maa 

ElTTSm 

hum 

EMU 

eee 

■HKWM 

Baessn 

awa; 

B 

EM 

ie«s»a 

HEM 

EBEBi 

emu 

Man 

HE 


aiiKitiiM 

EH 


v/jAm 

jjitcMta 

SaaasH 

HUES 

EEEfl 

Emu 


»%» 

■IKM 

EEM 

mma 

REEKil 


eem 

EM 

BBM 

feMIttli 

ffillBIHlIi 

EM 

BUM 

giaggi 

Ema 


BUM 

im 

Ema 

■araTita 

bkeri 


bum 


kehki 

■tifc'ni 

Eiimi 

EMU 

SKtMil 

■tEWita 

■waaaa 

■bumei 

BBEl 

nesta 

BWiMM 

EM 

BIBiHa 

wantim 

emu 

EBBU 

bbm 

■acma 

EgjfcU 

ebbuu 

BMU 

Kttwaff 

emu 

emu 

HEM 

jsiKren 

e iwata 

emu 

EH 

grswa 

■twr.M 

ebm 

EHfl 

EM 

ElTiCBM 



«a? bbh 

EMU 




BL 

= 1.05 


IM.14I.-WM44 

Lower surface 

Ha 


E3 

mb 

EHM 

BMP 

glMRH 

ebm 

eheu 

EMS 

ehb 

Enron 

EHUa 

am« 

EMU 

gnesna 

EBM 

EH 

EH 

ebm 

BMP 

EEU 

Emu 

ebm 

Eiiiaa.i 

EES 

WgIM 

ebm 

g-.Sfrin 


Emu 

ebm 

EIMKffla 

E8M 

emwifi 

Enron 

BUM 

Biwitaa 

ElltlVM 

ebm 

emb 

BMZlB 

E«ft/ita 

ElElittl 

B 

KBEttH 

EBM 

ebm 

EBM 

EHE3 

EBM 

ebm 

EEM 

EBai 

ebh 

ebm 

he a 

eeb 

ebh 

ebm 

■I1ME1 

E8M 

ebm 

Enema 

■11 MSI 

EllWM 

EBILfl 

ehbe 

EMU 

EHHI 

Emu 


B 


EHH 

EH 

Emm 


Emu 

EIMM1 

■nwaita 

BIIIIIMI 

HM 

Emu 

EMU 

■UtlMlIl 

■n>m'i 


llBMI 


EBM 


EM 

■iiewa 

EBM 

EWiWrl 

EM 

E1M 

BEUU 

bh 


EH 

BEiiiU 

BUM 

EMU 

eeb 

tawiffia 

BUM 

Emu 

EBffl 

bem 

bbm 

EEM 


B 

BBM 

wizna 

E£M 

atiMiiiEi 

BMP 

■ikkkm 

BBM 


BBM 

EEM 

EMU 


mmm 

BEM 

eeh 

B 

mm® 

bem 

■IKliWM 

jfrESTffi 

BHU 

r«'^« 

■■itaaii 

HU 


BMU 

beep 

BM 

BH 


ehh 


mam 

■Rain 

■iWitill 

#xim 

mam 

EMU 


mn-m 

BHU 

BBffl 

EHU 



HEM 

EHU 

B3EEEH 

BES2 

feliWS 

mwtm 

hub 

mvsm. 

HE 

EHU 

B 

mwm. 

wmm 

eeb 

mm 

mam 


HWttl 

B 

mwzrn 

EM 

EH 

B 

Kt mm 

aaagna 

■IWiMl 

mwmi 

BMP 


Esaa 

Emu 

BHU 

wwxm 

ESM 

BUB 

mwim 

wmsm 

EHP 


mnm 

wmm 

Eiaa 

B 

BBM 

EM 



BUM 

nrsi .1 

ehb 

B 

BUM 

BMP 

eeh 

ebm 

EBM 

EM 

EBM 

EEE1 

Emu 


EMU 

■ EMM 

EIKIKI1 

wjfim 


mwfitm 

Bam 

EM 

ffiiiiena 

BMCil 

Eiiriterii 

wmm 


emb 


IH 


B 

EBM 

EM 


IH 

EHU 

EM 

eeb 

gnanai 


EM 



Emu 

EM 

EHM 

mwMfi 

EH 

■ilHKCl 

EtM 

BUB 

EBM 

■.inana 

EtM 

huh 

EBM 

wstam 

EBM 

Emu 

BBUU 



BL 

= 0.70 


Essnssi 

Lower surface 

HU 

»/■ 

H&l 

mm 

Emu 

ebm 

EBM 

ebm 

ehb 

Eg 

ebm 

ebm 

ebm 

emu 

wmm 

ebm 

EIK1KI1 

EBM 

wmm\ 

ebm 

ebm 

ebm 

ebm 

ebhb 

e mu 

emu 

Emmi 

ebm 

ElWiMI 

emu 

wmsm 

ebuu 

wmm 

Emu 

ElWifctll 

ebm 

Emu 

Emu 

Enroa 

ebm 

EHU 

ElWtOil 

Emu 

ebm 

EBM 

wmtm 

EBM 

ebm 

Emu 

EMU 

EBM 

ebub 

Eiiraai 

Emu 

EBM 

BlKlMa 

EBM 

EllillAI 

EBM 

emu 

Ema 

ebm 

EBB 

Emu 


ebm 


BI1KKH1 

gntnma 


KIIIEM.1 

Ema 

HIIIIKM 


EBM 

ebm 

EHU 

gtTlWil 

ebm 

BlWilM 

Eg 



biiw:«i 

EBM 

Esau 

ebm 

ebm 

ebm 

ebm 

BH 

HEM 

ebm 

ebbu 


BM 

EBM 

Emu 

EB 

BB 

EMU 

mmm 

EB 

mmm 

ebm 

EBM 

HE 

BH 

ebm 

mmm 

wtam 

BUSTS] 


ebm 

wmm 


Emu 

ebm 

ama 

rnmmi 

ebm 

ebm 

wmm 

mmm 

EBM 

ebb 

he 

■■6Kll 

EBM 

Ema 


HEflU 

Emu 

Emu 

nwtiaH 

HEM 

EBM 

Emu 

WBH33 

hem 

BUM 

■nr.'iwa 

wxtwa 

hem 

Mfcan 

Kiiaaa 

mmm 


ESSIjg 


mmm. 




mwam 

hem 

BEUU 

EBB 

wwam 

hem 

BEH 

BSlHEiri 

HI 

hem 

BBM 

EMU 

BB 


BEUfl 


HI 

hem 

fegStiCl 

EBai 

WMM 

hem 

BBM 

Emu 

imu 

BgRina 

bimwi 

emu 

HE 

hebi 

BBM 

Earn 

Emu 

hem 

M 

eib 


H EM 

BU 

EBM 


HEaa 


Emu 

BH 

HEM 

ElgiHl 

Emu 

B 

hem 

tBMI 


HttlL 1 ! 

hem 


ebm 


HEM 


Emu 

HI 

HB 

UH 

ehb 

EBB 

nwtais 

mmm 

Emu 


HHU 

■ansa 

Emu 

■atatiw 

HEM 

miam 

Emu 

HH 

HEM 

Emu 

ebm 

him 

hem 


Ema 

ebm 



ebm 

HM 

BlBItfill 

ehu 

Emu 

Baa 

Ema 

EBUa 

ehu 

Hffl 

Emu 

EBUU 

ehhi 

HE 

ebm 

EBHU 


■awicra 

ebm 

BMsU 

EHU 

Eapa 


BH 

EH 

ebb 

Ema 


BL = 0.35 


Lower surface 

BM 

mm 

■a 

mm 

MSS?! 

ebm 

emu 

ebh 

garoa 

Elg'lRII 

Eiiiraifa 

ebm 


ebm 

emu 

EBUU 


Emu 

emu 

Enegma 

Eniaagf 

ebm 

EBSU 

ebm 

EBM 


ebm 

ebm 

ElMiM 

ebm 

Ema 

ebm 

Emu 


Eim-ia 

ebm 

Emu 

Emu 


ebm 

EBM 

Bim-n 

emzffl 

ebm 

Emu 

cnersa 

ebm 

ebm 

Mttsggl 

Ema 

ebm 

Ema 

iLEHM 

Emu 

ebm 


emm 

Ema 

ebm 

BBSS 

Emm 

ebm 


Ema 

Emu 

Biirena 

ebm 

EBH 


EH 

ebm 

ebm 

ebusi 

ebm 

Emu 

EBH 


BiflMgl 

imu 


ebm 

ebm 

ebhb 

Ema 

Eimi 

ebm 

Emu 

■Titan 

EESI 

Ema 

■gj«?i 

HBHU 

Ema 

■intciaa 

hmb 

IHH 

■IKHS] 


HB 

HBEU 

ebm 

ebm 

HH 


ebm 

ebuu 

wmai 

HMU 

Ema 

B 


HiH 

n§gj 

■iirsia 

HI 

HUM 


eem 

ebm 

HUM 

BIWKM 

Emu 

muu 

HUM 


■•waai 

HH 

hem 

Eimi 

Emu 


HEM 

Ema 

Ema 

WitMl 

‘Zv*.'t:jpy. 

ebm 

Emu 


hem 

HEM 

Ema 


mmm 

HEM 

Emu 

wmsm 

HEM 

StSESM 

ebm 

B8EH3a 


Hgaas?! 

Ema 

HUU 

hem 

BHU 

mmm 

HH 

hem 

nma 

EBM 

HS 

assign 

EEUSa 

Emu 

hh 

hem 

EMU 

ebm 

■tira.ii 


ima 

Ema 

iKiaaa 

hem 

■isgst 

Emu 

hbh 

hem 

HIM 

Ema 

iKiazta 

hem 

amtHit 

mmsfi 

HH 

hem 

BEH 

Ema 


BMP 

HE 

Ema 


es*.rifi»j 

muu 

Emu 



mam 

Emu 

Emu 

HSB3 

ebm 

Emu 

iftwrara 

hbh 

HH 

Emu 


Hiaa 


Ema 

HE 

BIL'11.1 


Emu 

HBBU 

HiEEU 

wmm 

■ntitgga 

HBaai 

HUM 


Ema 


ebm 

HI 

■imcna 

EBM 

Emu 


Ems 

HH 

ebm 

Emu 

wmm 

wnam 

Ema 

Emu 

Ema 


Eiiswa 

BSSfeH 

«nr:rea 



gjgarn 

BIWHIM 



ebm 

Emu 



nma 

BlWI.»t 



wimm 

HiBi224 



m 

ebsu 
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Table 3. Continued 
(d) BL = 3.185, 3.399, 6.00, and 7.927 


B 

ii 

Upper surface 

Lower surface 

KM 

WL 

MM 

WL 

mmm 

PWSgH 

M 

PWEEi 

■EM 

EM 

■EMI 

EM 

EEHSffl 

-0.2572 

B 

mmm 

111831 

BW8E1 

■EK«1 

PMiH 

1.4736 

mmm 

B 

pim 

■EM 

mmm 

1PM 

EWtiisa 


mma 

1.5404 

EM 

1.5353 

-0.2031 

1.5557 

EM 

1.5534 

-0.1925 

1.5925 

EM 

KB 


1.6313 

EM 

WEHSli 

-0.1473 

ima 


mam 

PIEEH 

mwm 

EM 

1.7157 

EilKBTa 

B 

PWgffl 

mm 

KIM 

B 

PWSEIil 


pitou 

■wim 

EM 

&wm 

pirn 


PWBIil 



3.1432 

EM 

1.9245 


3.3336 

mmm 

MKm 

EM 

[jaasa 



EM 

3.6388 

-0.2353 

2.1027 

PITOH 

KEIEia 

-0.2257 

■MEED] 

EM 

B 

ElWL'II 

2.2354 

EIIIIIEM 

■EM! 

EWE] 

■Hi 

EM 

EM 

PWEia 

2.3743 

Militia 

EEifl 

PWEEi 

■eh® 

lemiKi 


PWES 


liwn 

4.9248 

-0.2173 

2.5917 

EM 



■msi 

EM 



mm 

KliKEH 




EM 




EM 







■tiHK 

liliflli! 



3.1344 

MililBH 



mmm 

MII111IM 



■WEE] 

PIM 



■EMI 

Piiiim 



■1HE1 

EM 




EM 




E2S] 



mmm 

-0.1176 



■IEKSEI 

-0.1472 



wim\ 

PIEES1 



EEHSH 

giiEKra 



EEEEE! 

PI» 





BL 

= 3.399 

Upper surface 

Lower surface 

B| 

WL 

MM 

WL 

B 

Pirn 

EM 

-0.2857 

■EMI 

EM 

■EM 

PM33 

B 

piM 

EM 

KWHi 

1.4674 

PMiTI 

EM 

KWiHI 

■EH® 


EM 

PETTO! 

B 

PWH3 

1.5132 

-0.3133 

1.4958 


1.5457 

PWKil 

1.5157 

-0.2204 

WEEEH 

-0.3245 

1.5337 

Pima 

EM 

-0.3253 

1.5479 



-0.3279 

WEEgH 

-0.1779 

1.7342 

-0.3285 

B 

piraaa 

— 

PM 

m 

-0.1533 

EM 

PKEfei 

B 

-0.1333 


pwrsa 

1.7377 

-0.1173 


PMm 

m 

PliSffl 

nai 

mmim 

m«a 

EM 

B 

EM 

1.9141 

-0.0677 

mem 

-0.2452 

WEM 

piisna 


EIWiW.1 

1iM 

EM 

3.8719 

-0.2322 

■aim 


in 

mmm 

2.2151 

-0.0127 

EM 

-0.2247 

msm 

— H 

EM 

KWBH 

■EMI 

■iiimai 

EM 

pwm 

wwm 

PlilEEi 

EM 

mmm 

i— ! 

PiffEH 

EM 

pwm 

2.7192 

PUB 

EM 

KWEii 

ERIE] 

0.0214 

EM 

-0.2253 

mui 

pirn 


-0.2279 

B 




■uma 

0.0121 



warn 

■maa 




PIM 




reimini 



■EK«1 

PIM 




PIM 



3.7357 

PIM 



■fissiii 




EM 

EM 



EM 

-0.1399 



B 

piBia 



EM 

-0.1859 



mmm. 

Pima 



EM 

-0.2111 





BL 

= 3.185 

Upper surface 

Lower surface 

WEB 

WL 

■M 

WL 

EM 

-0.2433 

1.4695 

-0.2474 

EM 

KWEH 

1.4727 

swag 

1.4755 

PIM 

iM 


■EM 

KWElil 



EM 

Pima 

1.4926 

EilMl 

MUM 

EM 

«iiaa 

mmm 

1.5264 

EM 

1.5311 

EM 

1.5642 

-0.1620 

1.5593 

EM 

1.6102 

PIKE! 

1.5930 


1.6451 



-0.2933 

■EM 

-0.1127 

1.7110 

e mm 

EM 

pimsa 

1.7570 

KiBHI 

EM 

KliEflg 

iiBmn 

Ewmi 

EM 

KIBEE 

1.9491 

EWH 


KliliEH 

mmm 

EWtfl 

1.9272 

pirn 

BM 

mmm 

■anTiim 

EM 


EM 


pibe3 

3.3035 

mm 

2.1471 

EM 

3.4534 

KWK3 

2.2018 

EM 

3.6328 

EM 


PIM 

3.7100 

EM 

2.3135 

EM 

BligHI 

iiirni 

2.3705 

PIM 

■asm 

anaaa 

2.4275 

Pirn 

4.1370 

EIEEH 

BEM 

PIM 

4.2677 

EIEBfl 

2.5477 

PIM 

4.4012 

EiWim 

BM 

PIM 

4.4722 

ei m 

SfIMii 

PIM 

4.5335 

E1W 

2.7371 

0.0171 



BUM 

PIM 



2.9241 

EM 



BHIWil 

EM 



Biroa 

Pima 



3.2367 

PIM 



3.3623 

PIM 



3.4728 

PIM 



3.5833 

PliTTOl 



4.5335 

EM 





BL 

= 7.927 

Upper surface 

Lower surface 

WEI 

WL 

IWEB 

WL 

1.4720 

Eiflga 

1.4726 

ElKSil 

mmm 


1.4743 

EIM 

1.4753 

EWfH 

1.4768 

EIM 

1.4791 

EWrfiTI 

WEE m 

mmsm 

mm 

mmm 

WEEHI 

Ewaa 


ewsh 

wmm 

EWEH 

— 

EM 

1.4995 

EM 


KWEa 

iWKiSBl 

EM 


EM 

1.5317 

EM 

1.5772 

EIKSi 

1.5583 

EM 

1.6131 

EIEElil 

lEHS 

EM 

wsna 

EH 

wwtn 

EM 

liisaa 

Eiwa 

1.6572 

EWEH 

mam 

Eima 

1.7127 

EWEH 

Bum 


IKZiEtl 

ewec] 

mm 

Eininim 

1.9375 

EWEH 

1.9122 

Elina 

■HW»1 

EM 

■keih 

EM 

EM 

EWH1 

■ism 

BIM 

EM 

EM 

■WETS 

EM 



EM 

EM 


-0.2410 

illi 


■mci 

EWBI 


B 

feTCBBJ 

EWEH 

CETO1 

EM 

gmoni 

EWEH 


EM 

EM 

Ewna 

2.5713 

KIM 

EBSW 

EWiEH 

w.mi 


mum 

EWiBH 

iM 

EM 

EM 

EM 

2.7736 

EM 

KIM 


mmti 

EM 



mum 

EIM 



KEEfl 

EM 



■liHEl 

EIM 



KIEEII 

PIM 



Bwgra 

EM 




El 



3.5527 

EIMH 



KBiira 

EM 



3.8715 

Elina 



Eima 

EIM 



EM 

EIEEH 



4.6327 

ei raai 



mm® 

EiBai 



■man 

EiiKtfia 



mum 

EIEHil 
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Table 3. Concluded 
(e)BL = 8.14, 8.34, and 8.43 



BL 

= 8.34 


ESSIHKi 

Lower surface 

MS 

WL 

MS 

WL 

1.4782 

-0.2176 

1.4795 

-0.2254 

1.4790 

-0.2089 

1.4832 

-0.2308 

1.4814 

-0.2007 

1.4886 

-0.2346 

1.4851 

-0.1928 

1.4949 

-0.2373 

1.4900 

-0.1853 

1.5055 

-0.2405 

1.4957 

-0.1782 

1.5172 

-0.2429 

1.5022 

-0.1715 

1.5450 

-0.2461 

1.5166 

-0.1593 

1.6024 

-0.2490 

1.5339 

-0.1473 

1.6514 

-0.2500 

1.5519 

-0.1369 

1.7116 

-0.2501 

1.5705 

-0.1276 

1.8089 

-0.2484 

1.5898 

-0.1190 

1.9376 

-0.2433 

1.6237 

-0.1052 

2.6943 

-0.2028 

1.6593 

-0.0921 

2.8791 

-0.1938 

1.6966 

-0.0797 

3.0952 

-0.1842 

1.7357 

Biinaan 

3.2336 

-0.1789 

1.7828 

-0.0553 

3.3631 

-0.1746 

1.8313 

-0.0436 

3.5149 

-0.1706 

1.8801 

-0.0330 

3.7373 

-0.1669 

1.9284 

-0.0235 

3.9581 

-0.1651 

1.9754 

-0.0152 

4.1655 

-0.1643 

2.0213 

Biimwa 



2.1113 




2.1942 

0.0123 



2.2771 

0.0185 



2.3429 

0.0219 



2.4087 

0.0242 



2.4745 

0.0253 



2.5403 

0.0254 



2.6361 

0.0238 



2.7320 

0.0201 



2.8543 

0.0121 



2.9845 




3.0739 

-0.0095 



3.2324 

-0.0285 



3.3906 

-0.0491 



3.8369 

-0.1105 



3.9682 

-0.1281 



4.0799 

-0.1414 



4.1046 

-0.1443 



4.1655 

-0.1486 





BL 

= 8.14 


— BWMHHngJl 

Lower surface 

MS 

WL 

MS 

WL 

1.4762 

mmm 

1.4770 

-0.2521 

1.4776 

-0.2367 

1.4791 

-0.2558 

1.4816 

-0.2260 

1.4858 

-0.2620 

1.4878 

-0.2160 

1.4924 

-0.2661 

1.4958 

-0.2066 

1.5066 

-0.2717 

1.5053 

-0.1978 

1.5279 

-0.2769 

1.5157 

-0.1895 

1.5418 

-0.2794 

1.5382 

-0.1745 

1.5746 

-0.2835 

1.5673 

-0.1577 

1.6261 

-0.2866 

1.5963 

-0.1429 

1.6815 

-0.2870 

1.6377 

-0.1242 

1.8190 

-0.2848 

1.6800 

-0.1074 

1.9518 

-0.2804 

1.7229 

-0.0923 

2.1260 

-0.2725 

1.7660 

-0.0788 

2.7628 

-0.2369 

1.8106 

-0.0663 

2.8844 

EHMsroa 

1.8551 

-0.0550 

3.2167 

-0.2156 

1.8999 

EIIIZEM 

3.5226 


1.9449 

-0.0356 

3.7161 

-0.1977 

1.9716 

EinmiM 

3.8269 

-0.1949 

2.0253 

-0.0211 

4.0047 

-0.1915 

2.1102 

EIIIIOI 

4.2056 

-0.1899 

2.1681 

EIIIIIIE1 

4.3107 

-0.1901 

2.2262 


4.5041 

-0.1910 

2.2844 

0.0121 

4.5335 

-0.1905 

2.3819 

0.0197 



2.4796 

0.0250 



2.5827 

0.0280 



2.6859 

0.0285 



2.7578 

0.0274 



2.8296 

0.0252 



2.9014 

0.0219 



2.9731 

0.0176 



3.0769 

■ITOK3.1 



3.1807 

EIIIHHEI 



3.3520 

-0.0202 



3.4779 

-0.0362 



3.8367 

-0.0846 



4.2229 

BiiHaa 



4.3126 

-0.1479 



4.5335 

EHMM 




BI 

II 

oo 

BB1 

Lower surface 

MS 

WL 

MS 

WL 

1.6414 

-0.1670 

1.6416 

-0.1774 

1.6438 

-0.1595 

1.6428 

-0.1833 

1.6511 

-0.1486 

1.6449 

-0.1891 

1.6579 

-0.1418 

1.6477 

-0.1942 

1.6654 

-0.1357 

1.6539 

-0.2012 

1.6843 

-0.1231 

1.6615 

-0.2062 

1.7172 

-0.1049 

1.6701 

-0.2097 

1.7551 

-0.0872 

1.6790 

-0.2122 

1.7941 

-0.0718 

1.6926 

-0.2149 

1.8339 

-0.0582 

1.7193 

-0.2179 

1.8743 

-0.0463 

1.7597 

-0.2196 

1.9288 

-0.0323 

1.8424 

-0.2198 

1.9838 

-0.0203 

1.9523 

-0.2170 

2.0474 

Einwa 

2.1023 

-0.2107 

2.1112 

0.0011 

2.1919 

-0.2062 

2.1836 

0.0100 

2.4158 

-0.1930 

2.2563 

0.0169 

2.6887 

-0.1771 

2.3559 

0.0233 

2.8275 

-0.1698 

2.4553 

0.0268 

3.0025 

-0.1618 

2.5214 

0.0276 

3.1209 

-0.1572 

2.5875 

0.0273 

3.2474 

-0.1531 

2.6536 

0.0259 

3.3804 

-0.1496 

2.7607 

0.0213 

3.5815 

-0.1458 

2.8676 

0.0140 


-0.1446 

2.9545 

0.0061 

3.7677 

-0.1441 

3.0787 


3.9695 

-0.1466 

3.1162 

-0.0126 

3.9999 

-0.1479 

3.3892 

-0.0502 



3.4694 

-0.0612 



3.8837 

ElIEfl 



3.9999 

-0.1299 


















































































































































































































































































































































































29 


Table 4. Measured Lateral Coordinates of the Body-Eppler Wing Combination 


(a) MS = -0.288, -0.125, 0.375, 0.875 



MS = 

= 0.375 


EBB 

| Lower surface 

BL 

WL 

| BL 

WL 

iiwat.1 

0.3421 

iwata 

-0.7291 

0.1142 

ElKEffl,*] 

■mmaa 

-0.7291 

0.1916 

0.3383 

aiiEMi 

-0.7288 


0.3336 


-0.7265 

ITsWKill 

■BfcWtfa 

tllEScWii 

-0.7229 

0.4333 

0.3172 

gntjjfcfri 

-0.7175 

■BBMlM 

■imnra 


■mini 



| 0.7107 

gffZilEI 


■nw:nn 

■mrm*] 

gmaaaa 

■mania 

0.2707 

■nreroi 

■iiitaan 

wmm 

■BMitiia 




gnagita 

■iKltltlll 

EiiiTifia 


HEBB 

■IKI.Hfc! 

-0.6527 

0.8257 

0.230 

| 1.0015 

Eiratag 

■maniM 

0.2179 

■■Mill 

-0.6322 


■BMlIta 

■uma 

BlfifcMl] 

0.9147 

Ell KIM 

mwrxm 

-0.6124 

■BCIfctll 

0.1746 

BSH 

BlTillHM 


0.1576 


■omra 


0.1414 

| 1.1007 

EBEMlW 

■mir.ia 

0.1240 

iwnwa 

EM 

■WBtT&t 

■llIlliEI 

| 1.1139 

-0.5491 

msen 

■nriHaa 

IWM 

-0.5376 

■KlKEta 

■iTitfita 

1.1236 

-0.5194 

1.1077 

0.0256 

1.1251 

-0.5003 

1.1270 

Etiinwa 

1.2111 

BiEiaai 

■■emu 

aiKMi 

■■Mrfa 

-0.4717 

hekb 

Einraaa 


BiEnaa 

1.1542 

Egan 

1.4022 

-0.4487 

1.1577 

-0.1156 

1.4342 

EBEiina 

wnasa 

-0.1443 



1.2133 

-0.1573 



1.2635 

EiTOBI 



MKtim 

EllMH 



1.3540 

EllL'?:M 



1.3939 

-0.2127 



■EMlM 

mwm 




-0.2412 



■Ei-ir.i 

HWil.1l 







1.5375 

ebmeei 



1.5546 

ebkbhb 




ehbbi 




-0.3235 



wmm 

eikm#] 



■■mil 




1.5831 

-0.3424 



■■EgH 

Ei*Eta.i 



1.5825 

-0.3545 



■■Ktlia 

Emcran 




ebk asa 



1.5745 

-0.3719 



■■mi 

enwatni 







1.5339 

gBEtim 



1.5136 




■■Mill 




1.4636 

-0.4319 




MS = 

-0.125 

BL 

WL 

4. IE- 17 

EH 

■iiirai 

EH 

inaHa 

MTiEESI 

■■T-lMltiTI 


Bike sera 


■BE1HE1 

■fnnr.1 

■BEE m 

EiinnTa 


| -0.11851 


Biiwaa 

m 

EH 


■niiEia 


| -0.17351 


ElIPRM 

ssiEtma 

| -0.2241| 


EBMiMI 


| -0.25911 

■naaai 

Eflwaia 

EM 

ElKfiVta 


-0.2711 

■llflMI 

-0.2777 

HE 

EiwaiW 

■UMlM 

| -0.29471 

■lUiMI 

EBKlIta 

mhh 


hi: - 

| -0.3278| 

1.1035 

ElKEtlM 

1.1156 

| -0.35321 

1.1251 

eikemi 

1.1317 


1.1354 


1.1361 

■BEtnaa 

1.1337 

| -0.41751 

1.1282 

EBEMlIll 

1.1197 

HEM 

■mil:M 

BflEEBH 

■trem 

| -0.4587| 


■BEf«f«fi1 

■KiES 

| -0.47351 


EBEMflU 

■m:naa 

EBEEEIB 


| -0.48771 

MBS] 

EBESIBa 

KBEHB5I 

EBEBKa 


EBEEZEI 

EB 

EflEBEia 


EM 

■* -.'Am 

| -0.51161 


ElMKfl 

mumi 


BBS 

| -0.52311 

nsraari 

EllifcEM 

■BEfctlM 

| -0.52791 

■IKEWM 

ElWMlIll 


kbeerw 


MS = 

-0.288 

BL 

WL 

-3E-14 

EflfcKWa 

ElIBitTil 

-0.2842 

0.1274 

-0.2879 

0.2017 

EBfct!fcr.1 

■«>mi 

KUMlM 

0.3620 

EtKlIl'il 

0.4444 

Eimiaa 

ElTitlEM 

-0.3391 

| 0.7487| 

-0.3594 

■manra 

ElKfflM 

EH 


gBKBaa 

EIKKKtll 

0.9414 

-0.3970 

0.9536 

-0.4014 

ElUKMrt 

EBEtlfcfil 



■iwita 

-0.4138 

EM 

-0.4158 


-0.4178 

■manta 

-0.4217 

■maraa 

-0.4254 

0.9457 

-0.4291 

0.9143 

-0.4361 

■BRUM 

-0.4426 

0.8195 

-0.4487 

0.7584 

-0.4544 


EBElifeM 

■mama 

-0.4643 

| 0.4512| 

-0.4722 

■Bwaart 

EBEIrlfll] 

0.1277 

EiiEiaia 

-IE- 15 

| -0.48271 



MS = 

0.875 


K5HSB 

Lower surface 

BL 

WL 

BL 

WL 

0 

■maim 

0 

gflcna 

EM 

■rnawa 

wiinwa 

Hi 

0.2954 

■main 

| 0.1770 

-0.916 

0.3654 


iBHWaiM 

-0.914 

0.4514 


0.3415 

gBMU 

EBEiKH 

wmm 

0.4247 

gmtiita 

0.5531 

■uwar.i 

■HitlMil 

EBEIM 

■mam 


EEli 

WBEEta 


EiH2^!i 

EH 

gmaan 

■BBmt 

■ikvkei 


«m:t:r.i 

kwhsii 

Emniaa 



EH 

EH 

■mitiwn 

«m:»a 

■mam 

■imwai 

ESHfl 

-0.841 

■manta 

0.5157 

■BPIKM 

-0.827 

amta.il 

■maiMi 


-0.811 


UBEKMI 

HMlM 

mskm 

EH 

■BEStf*! 

| 1.0433 

-0.776 

EH 

EH 

■■raw 

-0.761 

3BKI1EM 

MHEBMfl 

m 

-0.744 

naaa 

■BEtaaa 

IH 

-0.733 

1.0712 

■iie wrj] 


-0.722 

1.1012 

fimtiiEi 

1.1321 

-0.711 


EH 

1.1453 

grnar.i 

1.1577 


1.1575 


1.1839 


1.1687 

-0.665 

1.1961 


■■lrl:W 

gmnta 

■■nwa 

wmwxi 

keb 


i»i 

■BKR«a 

| 1.1941 

-0.614 

■HKEHEI 

EH 

■EtlUM 

-0.597 

1.2544 


wm mu 

giKwa 


■maiia*] 

1.2123 

-0.549 

1.2771 

■Hlffiil 

1.2164 

-0.520 

1.2861 

niirvLi 

1.2172 

■BE Mil 

1.2941 

EH 

■naai 

MUETO] 

1.3011 

EH 

IH 

-0.455 

1.3072 


| 1.5827 

-0.439 

1.3125 


MiraiiM 

-0.422 

1.3168 


| 1.7747 

MlEttl! 

1.3214 

he 

■wattM 

-0.394 

■■awa 

Esna 

m 

-0.384 

1.3229 


■■am 

-0.374 

1.3851 


| 1.9377 

-0.363 

■IE BUM 

BIIIKBSM 


-0.351 

1.5272 

jHBM 


-0.344 

■rami 

Eiiniaa 

■muur.i 

-0.337 

wmm 

giiwaa 

2.0152 

-0.330 

1.7170 

-0.1327 

2.0243 

-0.323 

1.7540 

EllEfeM 

'wmrm 

-0.314 

■■aim 

HBKgEt 

| 2.0326 

glMIll 


EBiEHa 

liWBim 

Hinaa 

135133 




BSKBIKa 

gniaaa 



1.9213 

wimm 



utaa 

EH 



sctbseb 




H 

BUM KM 



H 

Emar.ntii 




EH 







MTBBni 




he 

liiCBi 



2.0341 

EH 
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Table 4. Continued 


(b) MS =1.875 and 2.875 


MS = 1.875 

Upper surface 


Lower surface 


■Vila 


■VI IE 

BL 

■Vi— 

O 

m 

o 

■umi 

MSB 

StTffiiEI 

mm 

BM 



■lUll'M 

■llftiM 


BlIlMltl 

EHEoa 

guana 


EM 

KlWL'>i 


lBBB33tTl 



Will 

gnwgtl 











■ffliEEH 

anratr* 

BffliHK 

■flEESE] 

gnBSBB 



■ninaa 

■timi 

■WEBBS 


BlEWAI 

BBS 


EfflBBH 

■llliWii! 


mmm. 

EfflTiMil 

BHMMI 

bb 

ME 

EM 

■BGa« 

giWfSi 

mbe 

BlUTiMI 

ees 

— ran 

MM 

EBU 

m\WM 

■nEtnaa 

m 

BOTiMI 

ElTillllH 

■naasra 

B 

Egaai 

mwmi 

■IM-'IM 

eeq 

ETOSHil 

BlfjtitTii 


mm 

EM 


BHaaasEi 

■an:c>j 

BlUlMfl 


B B 

MB 

EM 

■llilEii] 

BllBiB 

■umiii 

Emtnt'i 

bbs 

BKi Ha 


Etnaasi 

■M 

B—gH 


ElUtMl 

Bi»:»:w 

MESH 

EBa 

MMMA 

■iiiL'i'n 

KiWBBI 




B 

f*aia 

EBESEHI 









EE be 



BllftftW 

eebb 

B 

mm 

emsm 

EHS 

■UTAl-n 

WMW. 

B1H1EM 

EES 


keehi 

EKi 

■MME 

■nrawa 

gaEKE. 

ElIlVtE! 

■»tit:»i 

BBS 

mm 

BBS 

■until 

■iTiEiiH] 

mmicf 

Einrum 

B 

BB 

mm 

E M 

■maaa 



ElHMH.1 

Baa 

'eacsm 

ag«:ta 


—an 

—H 

B 

Emafi 

B 

■KISSEI 

mm 

Enmai 



bees 

ElUIftM 

B 

BM 


«»«! 

■fflsran 

gjgffll 

ElUlMI 

B 

BE 

■waaa 

■)!»»»< 



B 

hem 

M ms, 



Bi 



WMikht 




■tmv.i 

ebs 

BH 

■KEKEI 

B 

ssias 

EB 

■KEEKi 

■IXEK1 

bb 

BlllWlftl 


iBlEBBa 

EEM 


g* mi 

■nanaa 

BHBIfH 

wmtm 



HKHaa 

ElKIiffl 

■KSiffil 

wmm 

Bffl 

BE 

EE3E 

■lKMf.1 


BS 

■ElEfcl 

nmm 

BEEBH 

ess 

«>«! 


aumsMi 

B 





■nn: 

■lillL'l 

IB 

Entmi 

■EEllM 

■HffigM 


BSKBSH 

■■EM 

B 

EiS 

EflESMri 

■r.T.w 

BlIlIlEEl 

BiEEBH 

gnsga 

aggfsij 

KBima 


eneffiM 

US 




Ban 

BUlllWll 

MBaSEH 
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—nraii 

bub 

ebee 

gn—ga 


Elliw.l:! 

■HEBB 

EES 

wtam 

BlTO^i 


BBS 


Biimin 

amm 


Ban 

ElIllEW 

mmm 

wwsm 

■HfiEK. 1 ] 

B 


EflKfflita 

■atsEii 

ElIlKW 

■ISIfSH 

gmsiMa 

wmem 


■HKMEI 

giBagi 



—arai 






■ag-Wl 

EiTigiia 

BBS 

EM 

EMJ 

gjWBH 

PJR8HI 

gnBHa 

■nazia 

B 


ehezhu 

■renaa 

KiTIBbij 

B 

EM 

EM 

EnnKiH 

emi 

EtlRHi-gl 

■ami 

igflnsHa 

MM 

EfflgmH 

WCSM1 

BilESE! 

B 

EM 

B*arc: 

g-TiatH 


gflETiHil 

■tmnt'i 

ElIlEEM 

ws.tm 

Emtmn 

■IiHH 

Efltisaa 








ElUBiHl 

EBSll 



MS = 2.875 

Upper surface 


Lower surface 

■;w 

■VI— 

■:i— 

■VI— 


■a— 

■VI— 

■a— 

■VI— 

B 

B 

mhh 

amtiEsrsi 


■IWHH 



wmm 

mm 

B 

EES 

MS 


EES 

EES 

MS 

eme 


■tneaBH 

MB 




EES 



CiKtHil 


QES 







ebb 

■iiscrsf] 

w&sm 

MS 


■igiifii 

EES 


EES 

■nasai 

Eiisaai 

awtsiEEi 

MS 


iaaifl 

EES 

MS 

EES 

mm 

B 

a?jnwsf:i 

MS 


■ntsaci 

gggrft: 

MigBga 

emu 

IHB] 

EM 

KsgKigi 

MS 


■iTiTiVai 

EES 




bmi 

MS 

MS 



mmm 

ifgiRfEn 


■iwiaii 

EM 

MS 

MS 


emb 

EES 

mwm 

EMfl 

iaaa 

HbigHa 

MS 

MS 



bebbh 

vftmm 





MS 


emb 

BUtMl'Il 



■ii;8Mi 

w,mm 

%-*mi 

MS 


■lIlfitlH 

Eiaa 


EM 

emh 


mmsei 

B 



BBB31 

BM 











■lll'Mrll 

smwM 


MS 


lltilil 



BBS 

B 

EM 

MS 

MS 


EES 

BBB3 

MS 

EM 

■msma 

K.WII 

MS 

MS 


EES 

BBEHB 

rsflira 

Eimia 

BE2B 

aaiaaa 

MS 

MS 


EES 

KlKW.ti 

wmm 

EES 

a rmm 

SilKIBH 

MS 

Eiiiami 


HPinTifi 

BBS 

nmm 

BlWEEEt 

MB 

■nn-eisii 

MS 

MS 


EBS 

SSK6H« 

MS 

BBS 

mhb 

Eiisige] 

KHEEEffl 

MS 


EBB 

BB 

Bi*G>7i1 

BBS 

BM 

■ntastasi 

MS 

MS 


ebhh 

EM 

MS 

BBS 

ElWRl'l 

■nrstitr.i 



EBS 

EES 

MS 

BBS 

MM 




sxmm 

EES 

MS 

BBS 

IM 








UKM\ 

■nrsniif] 



eesb 

EES 

MS 

BBS 

BM 

g-j.v:tir 



ebb 


MS 

BBS 

mwsm 

■maa 



EE^3 

BBS 



EEiaa 

bm 



EBB 

EES 



Him 

bm 



Eiaa 

gflBBIW 



WKtm 

EBB 



emh 

MS 



BE 

B 



EBaa 

MS 



BM 

B 



eehe 

enEnina 



bm 

bsbb 



EB 

emsid 




—B— 



MEWS 












ebb 




EES 

felBSBB 




EiKSBn 



■■IBM 

Bmmi 



B 

ki’aasi 



■Eir.ii 

BflECHa 



B 

KBS 



EES 

BllEigS 



■■Mill 

b mm 



EES 

gjgiraa 











B 

kiibki 



EES 

MS 



■■Mill 

B 



EB 

MS 



B 

EiEBPH 



MS 

eme 



B 

MS 



SWWIEI 

mmm 



HBBflKB 

ElTlTimil 







BB 

EflBEBH 



«r*u:i:n 

mmim 



Ml W 

Enmtnci 



«BMI 

mm 



HU 

gjliBBH 



MS 

gg»»g 



mmsi 

Eiirena 







tmmi 

mm 















aatfiiTrt 

Eiimrr.i 



WBEm 

MS 



mm 

B 




MS 



wmit i 

aagama 



gvEifcin 

MS 



■mnm 

EM 



m&m 

MS 



mm 

mm 




MS 



MSB 

MS 




MS 



mm 

MS 



■>*»«! 

MS 



mm 

MS 




mhh 




MS 



MS 

MS 



MS 




MS 

ElTOHa 












MS 



MS 
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Table 4. Concluded 


(c) MS = 3.875 and 4.875 


MS = 4.875 



Lower surface 

BL 

WL 

BL 

WL 

0 

wswexn 

0 

ei»:ikii 


■iW-ftM 

■IIEBKI 

ebb 

mim 

KTUMKH 

«»KlM 

emb 

glSEHa 

■iMIrfd 

EBB 

ebb 


mourn 

■HEnTiii 

Ei»:«Ma 

glgMM 

■iiaai 

auema 


■IKglKl 

■uraa»J 

KB 

gjBM 

■pram 


roagera 

E B 

■uraaaa 


ebb 

gaiinaai 

■UBEW 



ebb 

wtmm 

gBirasci 


gU»EKta 

BM 


Kwasas 

ebb 


■UTiWM 

■iK.ima 

ebb 


■UTCIDM 

■UL‘Hf.111 

ebb 


ani.f>v'j 


■uraaHri 


HH1SZH 


KB 

■IBM 111 


■in»ma 

ebb 

■ WM8K1 


■KIHKM 

ebb 

MBB 

Bin.ir.ii 

anaia 



ebb 

mmm 

EE££H 

■ WHKEI 

■I1EMIM 

IgglgBB 

BiiraKta 

MEB3 

■ipisra 

SHISSlH 

EM 

■■E»:ra 

■HEiMI 

iBKiSEH 

E2HB 

■■raaa 


EESEEH 

ebb 

EKEB 

■i*ra:w 

r«Ki™ai 

eesb 

■wma 

■MM 



■■IWM 


is»«B3 


giwir/a 

■mc;i;;n 

igurgfnra 

euekmii 

■wera 




*w»mi 


bb 



■iwenra 


jgiwaa 

■K*nia 

■imiera 

Bawaia 



BE] 

IfeWiMl 

ebb 


■iMKga 

BMWIMa 

ebb 

iEai 

KM 

wmzm 

ebb 

■iwaiM 

Eiiiwaa 

bbi 

gilS-H 

■W>»M 

KB 


ebeb 

HilBEHa 

Enwaem 

bb 

Bl»*W.1 


EI16MSM 

ebbs 


fens will 

tsaaoj 

■■new 

BllM*M 

■ckkem 

eebh 

mwssn 

BlfcMEI 

»w:ga 

eimiraa 

BBSS 


K-msrei 

KM 

gfJHjMI 

ebb 

MBMI 

KB 

ffiflEUBl 

EB 

feftJEM 


ebb 

BilEffleH 

MrJbi'lWH 

Pima 

KHEBSEi 

EBB 


KB 

mbs 

EB 


ebb 



■rtBMHIl 

ebb 








EIPBiaej 



■riL9ef.1l 

ebb 




MS = 3.875 

Upper surface 


Lower surface 

BL 

WL 

1 bl 

WL 


BL 

WL 

1 BL 

WL 

0 

■naevai 

ti w:w 

EIIIKTO1 


0 

BEtEBM 

ebbb 

eimii 

emeu 

■iKtuei 

| 3.3517 

Eiiiwaa 


ebb 

kbe 



nwaaa 

ebb 

■6B1EB1 



MlMEBai 

ebb 



■1MB 

■IKWT/.1 

BE1 

EM 


EEBfl 

KB 

UKOEECM 


■IKMII 

ebb 

ebb 

Einraaa 



-1.2374 



aipiraa 

ilium 

MK88MH 



ebb 



emb 

ebb 

ebb 

KBB 

Ei»ira:<a 


BIElrtilej 

K^E 

Kiggsta 

EM 

ebb 


M.1KH 

EIIIKEM 


ebb 

ebb 

aaEissa 

eheb 

EM 

Eaaa 

gwewaa 

EM 


EM 

bbhi 

mm 

EM 


wiwsm 

■team raa 



Biiraraa 

bee 

KM 

EllBKei 









mm 

ebb 

esesi 

bee 

ElIWiMa 


■mifl 

ebb 

■:miwa 

KBjl 

ebb 

EM 

MribEEai 

ElIlKEia 


ebb 

ebb 

MSS 

emsi 

ebb 

ebb 

MrJbMM 

Einraai 


ebb 

bmeb 

es a 

EB 

ebb 

■iwiag 

EMI 

Einwai 


■iKcwa 

EM 

Kgra.ii 

BWMI 


■llBiEEl 

■aimaa 




BHM.4 

»:gi:»/a 

giiKaia 

KM 

■ur«M?3 


ekeb 


ebb 

BKBB3 

E2223 

■mawM 

ebb 

■iikw:w 

esieb 

ElMIKfa 


ME 

ebb 



ebm 


wwasva 

EiBEl 


MM 

behh 



mmwm. 

■PK1 Mil 

■:m:ai:i 

ElUlrifci 


mmm 

ebb 



1.1454 

■ur.w.i 

Ml 

BUM 


■ ■IBM 

ebb 



hi asa 

■nraim 

■:bew:i 

EM 


PM 

BKiir.n 



ehm 

ebb 

mm 

ElMIKai 


ebb 




KM 


mbs 

M 


BB 




HBEHaS 

ebb 

«bkct>i 

Eiiir.ii 


MSMM 

ebb 



1.2453 

ebb 

■aEKtfKl 

EllIKKI 


EB1 

ebb 



naaga 

aeiiHuw 

mm 

behh 


■WiMI 

ebb 



1.2793 

■ipawa 



utas^. 

EEsB3 



■1MM 








mmaxi 





eesiei 



1.3197 

■iptwa 



me 




■unsarii 

HlEIIIIIl 



UWtWM 

Hiwaw 



■■team 

■iKKlril 



ETBIKil 

EllMEM 



ebb 

■IKSKM 



■■tanai 

■uraa:<a 



ebbsb 

■iKwaa 



ebb 

■uraatai 



EEM 

■neaiin 



ebb 

■iiratMi 



EBB 




ebb 




isigRi 

mswmm 







■K6KMH 

■IKlttEI 



ebb 

EllWMa 



EE£liil 




■■faaa 

fglgKVLt 







EBiS 




■wsgiaa 




EEfla 

EM 



■K6B1E1 

Bima.n 




BiTECHfl 



ebb 

Bureau 




BiKraaa 



■■siaai 




EKE 

Biii».-g 



■tm 

KB 



Ml 

BIKgKta 



■w.w:a 

BIBgKEI 



iB^aiin 

EM 



EM 

ebb 



me 

EM 



ebkb 

BIUBHiW 



aairoBi 

EB 











—HSIi] 

RSI! KIM 




STfMM 



■antziKi 

Blllri.lll 



pmm 

EM 




Hiiraaa 




KM 



Bmkh«m 

KM 



wsmm 

EB 



HKIi'IM 

KMI 



MS2 

BBlifl 



ilaWlM 

ebebh 



BBE6«3 

EM 



wwsm 

EM 



ebb 

EB 




manat 




gsiwaafl 



MU 

EM 




E1B1 



MSI 

ebeb 



wxsssrn 

EM 



waaaia 




mbeb 

ebhh 



gaeraia 

rorem 




ebeb 



mb 

Bipiwaa 




EgaSl 



■ttniaa 

E8M3 



BE1 

EM 




eheh 



mbssi 

EM 



BBS 

eibih 



me 

BiiMiiia 


























Table 5. Measured Horizontal Tail Upper Surface Coordinates at Several Spanwise Stations 


BL = 0.25 

BL = 0.50 

BL = 0.75 

BL = 1.00 

BL= 1.25 

BL =1.50 

BL= 1.75 

BL = 2.00 

Upper surface 

Upper surface 

Upper surface 

Upper surface 

Upper surface 

Upper surface 

Upper surface 

Upper surface 

MS 1 WL 

HMK’lll 

H9HSI 

H19H1I 

Bnam 

lUBfl 

WM— 

KM— 

BESS MM 







IlKWIKKii 







EaBSHKigiEEl 

Eamg 






jriUMififmilM 

■aRtgRWKWIl 









KstassgwHHa 








HaBllIWBlEH 








tgasatitwagiEi 

WEHSi«aaa^i 






«lSSg«WH83a 









W<HIL M ■ BEH3 

■fcaiwfiMU 




«tRwnam.iiMi 

BlfclSMM?® 

■aeairawreiig 

bmeb 

BiiiiaBEaa 

— m 


■MaCKWHiSVia 


Kgaamga 


Eiaiiiiaa 









BUsEBlBlHEl 

■aicMififaM 

WMSsZMs&m 

MTiWIMBKlilHIl 

KEEHamwaai 



WMMViiaiia 

HtHliiga 

BKaiiBaa 


■fJiTiltl!! ■ WiTiWM 


>BH!«!lglt«aM 


maiima 


grjgmiiBKrait 


jjfeg8gjj»if«JM 




HflBMaiwesiB 

mxmwBtm 








lauamaig 












KflnSUMBMfjj 



feMUlTKmi 








■gaKamegaa 

■aw»wiw.mi 

Mian 

■:y<wa.*iBStm*i 

Hama 


MEMlWiKlM 

mEBjMESSl 

KltTjgnW^efS 






KW1WKV8M 


wimumi 

wnm-mmm 






KjgaaBiiggaa 


wgwsMKcaaaaa 

KKSSIfll ■■ 


■awmtfifaKi 


■aeigsiMKBsa 


KtRBlBIRTtrn 


■aaagiBifcii.tt 

VXKtUl 


ItffhffoCKIliai 


gKmiwKggta 





SS»gK88M 





KiaSHWHEil 






lasamaa 

BtMgn—aEC] 

asaanaa 






■:«iiBiuwatF/! 

KWaartlUHRi 

MHBltieiWEiBH 



BmarwiWM 

■.'EWglBifeitoS 







BL = 2.25 

BL = 2.35 

Upper surface 

Upper surface 

KM— 

KM— 


B.-ggilimKflXll 

gami msa 

asiaiiEiai 

KgaiHIS 

HUlEUi 

KSSiRJSESJ 

gaEsgHBKnaa 

naKBawasBiei 

mmaiBBHija 

gaiaaiBiga 

wemsm 

ngjasasaam 


Ksatimiia 


■ast’KiitKEBii 


ESBSIKSi 

jgaSMWEEEei 


gilMiWaBIftai 

nawit'iii 

^saaiBaa 

aaBHEigaaga 

im Hsu 

BBBMB5W8Sgj 

HiB 

mm 

SSMIKIMI 



■aP^gjaaBi 

BBSHawaaig 

miKfiiiigkwi 

aa$Bgm6EBta 

Sfjtil Llil ■ Kt*H 

■atiSBaBKESEI 

KKM3gaaR!ii 

tWKtaiBEfct:!l 

»:<twti‘iWBtcin 

aat:H:;iiBSSttrn 

K»KaB»t8EHa 

BjESBaBKHai 

BMSMMBM 

Emma 

ISMSHifjgjl! 

BmmaE 
































WL = 1.75 

WL = 2.00 

WL = 2.25 

WL = 2.50 

WL = 2.75 

WL = 3.00 

Right surface 

Right surface 

Right surface 

Right surface 

Right surface 

Right surface 

MS 1 BL 

laSMBsH 

MS 1 BL 

raaian 

MS 1 BL 

MS 1 BL 

a 



■rSEIigiPftY-.i 

■rjyaiiBmiiirn 


MECBag » < 











aasisigiiiimi 







Malta tttSV-M 





ISIlMUBlIlIiai 

mism&t »>-' ■■ 





■rjraaagBiitaa 

M)Mriria-l 




mmmbebh 


MgKagfflMfll 

grsyniBigai 

MSEtfilBlIlEiiM 


hebbem 

KfiaflKMH 

MmiBiigm 


■rm'iiBtiHifcra 

■rJEtfiyjBlIgi.il 

■rJli>Jif.1BlTgBa 

maaiasaa 



■rJMtroMUliiffil 

■rBifeRW BllliiWil 

■rjui'inwirnffii 

wmMwmn 


■aaaniroaaaa 

■rjtfgsaBiiiiiiii 

mcmmawm 

BaEGsaBiiiisyii 

^ssisiii 





BaaiKmuiTiEBi 

iBaaKsaa 





Mm 






BjriiiirHBaiw 







BaEgHMiBKSB 






g^aiiBflisiaaa 





MBIiSHBillHH 

gigHa 





IHSEail 

IrJIrlifcilBtTiYtt] 






BHEHiaKBrsa 





frWftlBlTlTgtf 


HEHUgjHH 


ww.MMtfm 

B9E8EH«BEiSI 

■:m-taBiirBBi 


EaajgjEEfl 

B;IlB>MBlItifcB] 

igaEMEllBtlilgRT 

■atyEHBiiftm 

a;»aia?aiYgMi 

mm 

iaaHiiMH 

BgauiaM 

12211112223 

laaiiKiMia 

BiiHstaBiiftcsi 

■aRamBiitHSi 

Brasil ■maa 


12i2ill!I2SJ 

EE2£lBffl!Ml 

B’lliftMBiTtHia 

■aCBHtlBiltBK 1 ] 

msmmmmm 

■iWB'fl'.'? . 

mwMwmifa 

■aEEfcMBimH 

12*20122123 

MM 

BatfiEiMlMIM 


maiMi 

■rMnHBBWHa 





tEKBailMBiBH 


■rmiiKiiiEn 

agHnwgiTtiKa 

jjgggg EBB! 


vmmwmMn 



fewasEiBiiaiHi 

tSMaagMrEf 




B’EEMllBiliTiBa 

B*'lM,18HD>Ai 


WL = 3.25 


Right surface 


MS 


WL = 3.50 


Right surface 


MS 






































Appendix A 

Run Number Summaries for Various Model Configurations 


Table Al. Test 540 - Eppler 387 Wing 


Longitudinal aerodynamic characteristics, 8 h = 5 f = 0°, bump off 


R c 

Pressures 

Run 

M 00 = 

0.25 

0.65 

0.80 

40,000 

Wing 

218 

215 

213 

Lower fuselage 

- 

222 

221 

60,000 

Wing 

- 

217 

216 

Lower fuselage 

- 

224 

223 


Table A2. Test 540 - MA-SC-1 Wing 


Longitudinal aerodynamic characteristics, 8 h = 8 f = 0° 


Rc 

Bump 

Run 



= 




0.50 

0.65 

0.70 

0.80 

0.85 

0.90 

40,000 

Off 

21 

20 

16 

15 

14 

12 


On 

29 

35 

28 

33 

34 

27 

60,000 

Off 

- 

18 

- 

17 

- 

- 


On 

- 

30 

- 

36 

- 

- 

100,000 

Off 

_ 

22 

_ 

11 

_ 

_ 


On 

- 

37 

- 

31 

- 

- 





Table A2. Concluded. 


Horizontal tail effectiveness, 5 f =0°, bump on 


Right wing trailing-edge flap (plain) 
effectiveness, 8 h = 0°, bump on 




Run 



: 

= 

R c 

Sh, deg 

0.65 

0.80 

40,000 

-5 

40 

39 


0 

35 

33 


5 

44 

43 


10 

51 

50 


15 

56 

55 


Off 

106 

105 

60,000 

-5 

42 

41 


0 

30 

36 


5 

47 

46 


10 

53 

52 


15 

58 

57 


Off 

113 

107 




Run 



Moo = 


Rc 

6 f , deg 

0.65 

0.80 

40,000 

-10 

62 

61 


0 

35 

33 


10 

69 

68 



75 

74 

60,000 

-10 

65 

64 


0 

30 

36 


10 

71 

70 



77 

76 


Lateral aerodynamic characteristics, bump on 


6 h =6 f =0° 


Tails off, 8 f =0 




Run 



Moo 

~ 

R c 

a, deg 





0.65 

0.80 

40,000 

1 

86 

81 


3 

87 

82 


5 

88 

83 


10 

89 

84 


16 

90 

85 

60,000 

1 

97 

91 


3 

98 

92 


5 

99 

93 


10 

100 

94 


16 

101 

95 


Rc 

a, deg 

40,000 

1 


3 


5 


10 


16 
























































Table A3. Test 540 - MA-SF-1 Wing 

Longitudinal aerodynamic characteristics and trailing-edge flap effectiveness (split flaps on 

both wings), 8 h = 0°, bump off 



Table A4. Test 540 - MA-SC-lt Wing 

Longitudinal aerodynamic characteristics, 8 h = 5 f = 0°, bump on 



Tails off 


R c 

Run 

M„ = 

0.65 

0.80 

40,000 

205 

203 

60,000 

207 

206 
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Table A4. Concluded. 

Lateral aerodynamic characteristics, 5 h = 6 f = 0°, bump on 


R c 

a, deg 

Run 


} = 

0.65 

0.80 

40,000 

1 

185 

180 


3 

186 

181 


5 

187 

182 


10 

188 

183 


16 

189 

184 

60,000 

1 

195 

190 


3 

196 

191 


5 

197 

192 


10 

198 

193 


16 

199 

194 


Table A5. Test 541 - MA-SC-1 Wing (inverted tails and lower fuselage fairing removed) 


Longitudinal aerodynamic characteristics, 8 f = 0°, bump on 


R c 

Run 

Run 

= 0.65 

= 0.80 

cleg = 

cleg = 

-15 

-5 

0 

5 

10 

15 

-15 

-5 

0 

5 

10 

15 

40,000 

20 

27 

12 

34 

41 

49 

19 

26 

11 

33 

40 

48 

60,000 

22 

29 

14 

36 

43 

51 

21 

28 

13 

35 

42 

50 

100,000 

24 

31 

17 

38 

46 

53 

23 

30 

16 

37 

45 

52 


Lateral aerodynamic characteristics at a = 4° with 8 h = -5°, 8 f = 0°, bump on 


Rc 

Run 

M 00 = 

0.65 

0.80 

40,000 

57 

56 

60,000 

59 

58 

100,000 

61 

60 






38 


Appendix B 


Tunnel Condition Ranges 

Table Bl. Test 540 


Test 

Run 

Mach 

R c 

q a 

psf 

Pt,oo, psf 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

540 

11 

0.80 

89,200 

103,200 

47.27 

50.49 

160.65 

171.16 


12 

.90 

41,050 

47,390 

20.60 

23.98 

61.60 

71.49 


14 

.85 

40,340 

43,460 

19.49 

21.10 

62.00 

66.90 


15 

.80 

39,420 

42,760 

18.38 

19.99 

62.50 

67.70 


16 

.70 

39,040 

41,560 

16.55 

17.49 

66.31 

71.02 


17 

.80 

58,230 

62,510 

27.24 

29.42 

92.48 

99.21 


18 

.65 

58,370 

62,660 

23.40 

25.11 

104.59 

111.98 


20 

.65 

38,400 

40,740 

15.38 

16.38 

68.40 

73.70 


21 

.50 

38,120 

40,350 

12.24 

13.05 

83.04 

87.58 


22 

.65 

98,000 

100,460 

40.22 

41.47 

180.50 

185.77 


27 

.90 

39,410 

43,210 

20.32 

22.64 

60.40 

67.00 


28 

.70 

38,020 

41,250 

16.45 

17.81 

66.69 

71.85 


29 

.50 

37,910 

40,380 

12.29 

13.07 

83.56 

88.49 


30 

.65 

58,120 

60,910 

23.64 

24.76 

105.70 

110.60 


31 

.80 

97,940 

100,710 

47.58 

49.45 

161.89 

168.06 


33 

.80 

39,300 

44,250 

18.24 

20.65 

62.02 

70.09 


34 

.85 

38,300 

43,150 

18.48 

20.90 

58.37 

66.35 


35 

.65 

38,660 

42,220 

15.46 

16.85 

68.69 

75.40 


36 

.80 

58,380 

63,180 

27.19 

29.64 

92.49 

100.30 


37 

.65 

98,260 

101,110 

39.58 

40.70 

176.30 

181.90 


39 

.80 

39,980 

44,440 

18.56 

20.77 

63.16 

70.52 


40 

.65 

38,690 

42,240 

15.39 

16.82 

69.28 

75.61 


41 

.80 

58,560 

61,860 

27.36 

28.96 

93.20 

98.29 


42 

.65 

58,610 

61,310 

23.35 

24.46 

104.96 

109.69 


43 

.80 

38,030 

41,020 

17.77 

19.20 

60.21 

65.07 


44 

.65 

37,980 

40,150 

15.16 

15.92 

67.80 

72.00 


46 

.80 

58,940 

62,480 

27.51 

29.18 

93.40 

99.27 


47 

.65 

58,360 

60,880 

23.25 

24.26 

104.23 

108.74 


50 

.80 

38,670 

41,430 

18.50 

19.92 

62.74 

67.42 


51 

.65 

38,670 

40,670 

15.79 

16.66 

70.60 

74.21 


52 

.80 

58,500 

61,200 

28.09 

29.37 

95.12 

99.58 


53 

.65 

58,310 

60,550 

23.71 

24.64 

106.69 

110.37 


55 

.80 

38,040 

42,375 

17.39 

19.38 

59.10 

65.80 


56 

.65 

38,300 

41,170 

14.96 

16.13 

66.90 

71.80 


57 

.80 

58,500 

61,730 

26.83 

28.35 

91.08 

96.53 


58 

.65 

58,330 

61,700 

22.95 

24.36 

102.60 

108.36 


61 

.80 

38,070 

41,290 

17.56 

19.26 

59.80 

65.36 


62 

.65 

39,320 

41,710 

15.65 

16.71 

69.90 

74.20 


64 

.80 

58,750 

62,430 

27.00 

29.00 

91.90 

97.90 


65 

.65 

58,030 

60,540 

22.93 

23.95 

102.56 

108.06 


68 

.80 

39,120 

43,030 

18.52 

20.49 

63.10 

69.50 


69 

.65 

39,190 

41,320 

15.84 

16.76 

71.10 

74.92 
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T able B 1 . Continued. 


Test 

Run 

Mach 

R 

C 

Too.PSf 

Pt,oo 

psf 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

540 

70 

0.80 

59,110 

61,850 

28.04 

29.51 

95.50 

99.91 


71 

.65 

58,760 

60,490 

23.82 

24.50 

106.68 

109.81 


74 

.80 

38,850 

41,880 

18.03 

19.50 

61.38 

66.40 


75 

.65 

38,450 

41,450 

15.27 

16.52 

68.61 

73.82 


76 

.80 

58,040 

61,050 

27.17 

28.57 

91.91 

96.95 


77 

.65 

58,020 

60,310 

23.08 

24.01 

103.90 

107.90 


81 

.80 

36,250 

42,620 

16.88 

19.91 

57.44 

67.32 


82 



40,192 

42,618 

18.86 

19.87 

63.60 

67.31 


83 



42,700 

45,210 

19.86 

21.19 

67.71 

71.54 


84 



37,320 

39,750 

17.48 

18.57 

59.00 

62.78 


85 

3 

r 

39,900 

41,420 

18.63 

19.35 

63.06 

65.47 


86 

.65 

35,900 

37,890 

14.30 

15.16 

63.90 

67.46 


87 



38,010 

39,820 

15.16 

15.81 

67.87 

71.06 


88 



39,910 

41,530 

15.86 

16.55 

71.30 

73.99 


89 



41,850 

43,350 

16.72 

17.29 

74.32 

76.88 


90 


r 

39,670 

40,860 

15.78 

16.30 

70.56 

72.50 


91 

.80 

57,390 

59,630 

26.81 

27.81 

90.52 

94.38 


92 



59,820 

62,660 

27.90 

29.27 

94.63 

99.39 


93 



57,210 

59,010 

26.75 

27.59 

90.81 

93.69 


94 



59,170 

60,640 

27.68 

28.40 

93.91 

96.22 


95 

1 

f 

60,730 

62,040 

28.37 

29.05 

96.50 

98.55 


97 

.6 

5 

57,090 

59,600 

22.73 

23.77 

101.60 

106.00 


98 



59,560 

61,450 

23.69 

24.49 

106.20 

109.45 


99 



61,370 

62,640 

24.37 

24.96 

109.56 

111.64 


100 



58,260 

59,277 

23.24 

23.66 

103.86 

105.72 


101 

3 

r 

59,420 

60,290 

23.70 

24.05 

105.96 

107.50 


105 

.80 

37,940 

41,480 

17.67 

19.32 

59.99 

65.70 


106 

.65 

39,660 

42,200 

15.76 

16.79 

70.70 

75.30 


107 

.80 

57,840 

60,080 

26.93 

28.09 

91.70 

95.06 


108 

.65 

38,170 

40,870 

15.14 

16.28 

68.09 

72.70 


109 



40,880 

42,700 

16.23 

16.88 

72.92 

76.34 


110 



37,290 

38,900 

14.84 

15.43 

66.41 

69.50 


111 



39,280 

40,900 

15.65 

16.29 

69.92 

72.80 


112 



41,060 

42,400 

16.35 

16.94 

73.07 

75.50 


113 



58,390 

60,750 

23.25 

24.20 

103.96 

106.50 


122 

3 

r 

38,450 

41,430 

15.07 

16.36 

67.52 

73.62 


123 

.80 

57,270 

61,520 

26.74 

28.72 

90.58 

97.49 


124 

.65 

56,990 

60,100 

22.76 

23.88 

101.39 

107.40 


125 

.80 

97,100 

99,840 

45.56 

47.07 

155.41 

155.91 


126 

.65 

97,620 

99,660 

39.20 

40.13 

175.80 

179.30 


127 

.90 

36,400 

39,230 

18.47 

19.91 

54.92 

59.20 


128 

.85 

39,700 

42,660 

19.38 

20.80 

61.27 

65.81 
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Table Bl. Continued. 


Test 

Run 

Mach 

R c 

qoo.psf 

Pt,oo 

psf 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

540 

129 

0.70 

37,990 

40,030 

16.09 

16.91 

64.77 

68.34 


130 

.80 

38,990 

41,860 

18.23 

19.59 

61.73 

66.30 


131 

.50 

38,550 

40,030 

12.38 

12.80 

82.50 

85.75 


135 

.90 

38,020 

40,950 

19.19 

20.59 

57.10 

61.49 


136 

.80 

39,740 

42,670 

18.48 

19.84 

62.74 

67.16 


137 

.65 

38,330 

40,420 

15.20 

15.91 

67.66 

71.60 


138 

.50 

38,150 

40,040 

12.04 

12.72 

81.40 

85.42 


140 

.70 

39,090 

42,320 

16.45 

17.64 

66.70 

71.22 


141 

.65 

57,000 

59,660 

22.42 

23.60 

100.80 

105.20 


142 

.85 

39,260 

43,060 

18.87 

20.71 

60.00 

65.82 


143 

.80 

57,710 

60,650 

26.67 

28.15 

90.89 

95.50 


144 

.80 

97,470 

99,670 

45.72 

46.94 

155.20 

159.27 


145 

.65 

97,530 

99,360 

39.03 

39.91 

175.50 

178.60 


148 

.85 

37,290 

40,070 

17.90 

19.71 

56.59 

62.58 


149 

.70 

38,260 

41,490 

16.18 

17.34 

64.88 

70.00 


150 

.50 

37,700 

39,560 

11.87 

12.48 

80.93 

84.77 


152 

.65 

57,970 

60,140 

23.05 

23.95 

103.10 

107.00 


153 

.90 

38,440 

41,360 

19.42 

20.95 

57.70 

62.30 


154 

.80 

40,440 

43,140 

18.89 

20.12 

64.09 

68.45 


155 

.65 

38,590 

40,480 

15.39 

16.14 

68.90 

72.22 


156 

.80 

59,100 

61,690 

27.56 

28.85 

93.82 

97.88 


157 

.80 

99,040 

100,720 

46.78 

47.58 

158.30 

161.50 


158 

.65 

98,780 

100,870 

39.73 

40.55 

177.59 

181.80 


168 

.80 

39,470 

43,210 

16.99 

18.79 

57.95 

63.51 


169 

.65 

39,090 

42,330 

14.43 

15.72 

65.10 

70.16 


170 

.50 

37,360 

40,720 

11.09 

12.11 

74.96 

81.30 


171 

.90 

36,440 

39,760 

17.23 

18.83 

51.21 

55.80 


172 

.70 

39,430 

41,890 

15.59 

16.52 

62.60 

66.64 


173 

.80 

58,850 

62,250 

25.76 

27.40 

87.08 

93.00 


174 

.65 

58,470 

60,370 

21.95 

22.69 

98.21 

101.41 


175 

.85 

38,170 

41,210 

17.55 

18.93 

55.40 

59.89 


176 

.80 

97,850 

101,590 

43.35 

45.12 

147.30 

152.86 


177 

.65 

98,190 

100,380 

37.17 

38.06 

166.12 

169.31 


180 

.80 

37,760 

40,860 

16.33 

17.68 

55.25 

60.18 


181 



41,490 

43,060 

18.02 

18.71 

61.00 

63.40 


182 



36,980 

38,800 

16.11 

16.91 

54.56 

57.30 


183 



39,050 

40,570 

16.99 

17.68 

57.75 

60.00 


184 


r 

40,860 

42,420 

17.83 

18.47 

60.41 

62.89 


185 

.65 

36,910 

40,030 

13.77 

14.91 

61.54 

66.46 


186 



40,260 

41,850 

15.02 

15.61 

66.79 

69.48 


187 



36,890 

38,210 

13.68 

14.18 

61.51 

63.69 


188 


r 

38,380 

39,460 

14.29 

14.69 

63.90 

65.68 
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T able B 1 . Concluded. 


Test 

Run 

Mach 

K 

Too ,psf 

Pt.oo, psf 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

540 

189 

0.65 

39,560 

40,960 

14.68 

15.30 

66.08 

68.10 


190 

.80 

57,370 

59,640 

25.07 

26.08 

85.06 

88.81 


191 



60,160 

63,280 

26.33 

27.82 

89.59 

94.35 


192 



56,570 

58,730 

24.85 

25.82 

84.50 

87.87 


193 



59,000 

60,780 

25.98 

26.74 

88.20 

90.99 


194 

1 

r 

60,940 

62,070 

26.83 

27.33 

91.22 

92.96 


195 

.65 

57,210 

59,090 

21.53 

22.18 

96.29 

99.18 


196 



59,200 

61,220 

22.23 

23.04 

99.32 

102.70 


197 



56,820 

58,840 

21.35 

22.16 

95.50 

98.80 


198 



59,200 

60,560 

22.26 

22.73 

99.50 

102.00 


199 


f 

60,950 

62,470 

22.83 

23.43 

102.67 

105.10 


203 


30 

37,380 

40,940 

16.23 

17.85 

54.86 

60.26 


205 

.65 

37,820 

40,460 

13.94 

14.94 

62.38 

66.90 


206 

.80 

57,180 

60,360 

24.70 

26.27 

84.32 

89.13 


207 

.65 

57,430 

60,380 

21.36 

22.49 

95.53 

100.78 


213 

.80 

37,850 

41,700 

17.45 

19.33 

59.24 

65.63 


215 

.65 

37,660 

39,670 

14.81 

15.73 

66.30 

69.98 


216 

.80 

57,040 

59,050 

26.47 

27.51 

89.99 

93.65 


217 

.65 

57,970 

59,530 

23.10 

23.65 

103.27 

106.27 


218 

.25 

39,440 

39,960 

6.63 

6.67 

154.67 

157.28 


221 

.80 

39,930 

43,110 

18.28 

19.83 

62.20 

67.21 


222 

.65 

37,790 

41,000 

14.85 

16.14 

66.38 

72.06 


223 

.80 

58,280 

62,080 

26.85 

28.74 

91.20 

97.03 


224 

.65 

58,140 

61,060 

22.94 

24.01 

102.49 

108.12 
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Table B2. Test 541. 


Test 

Run 

Mach 

Rc 

qoo.psf 

Pt.oo, psf 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

541 

11 

0.80 

37,440 

43,270 

17.14 

19.73 

57.73 

66.58 


12 

.65 

38,620 

41,910 

14.98 

16.27 

67.29 

73.05 


13 

.80 

58,610 

64,280 

26.64 

29.38 

90.61 

99.84 


14 

.65 

57,620 

60,140 

22.61 

23.47 

100.29 

105.07 


16 

.80 

97,270 

99,970 

44.78 

46.08 

151.75 

156.55 


17 

.65 

98,590 

100,930 

38.88 

40.03 

173.52 

178.31 


19 

.80 

38,330 

41,350 

17.86 

19.30 

60.70 

65.48 


20 

.65 

38,320 

41,720 

15.26 

16.56 

68.22 

74.25 


21 

.80 

57,950 

60,510 

27.07 

28.37 

91.39 

95.86 


22 

.65 

58,400 

60,860 

23.33 

24.19 

104.23 

108.65 


23 

.80 

98,780 

100,540 

46.94 

48.24 

159.35 

163.87 


24 

.65 

98,370 

100,340 

40.03 

41.04 

179.42 

182.95 


26 

.80 

40,070 

43,150 

18.43 

19.87 

61.67 

67.05 


27 

.65 

37,730 

40,170 

14.69 

15.84 

65.89 

70.24 


28 

.80 

58,940 

62,650 

27.22 

29.23 

91.92 

99.29 


29 

.65 

58,360 

60,400 

23.18 

24.05 

103.94 

107.59 


30 

.80 

98,710 

101,120 

46.22 

47.66 

157.53 

161.29 


31 

.65 

98,600 

100,790 

39.46 

40.32 

176.77 

180.66 


33 

.80 

39,530 

41,950 

18.14 

19.58 

61.91 

66.63 


34 

.65 

38,370 

40,520 

15.26 

16.27 

68.53 

72.28 


35 

.80 

58,220 

60,810 

27.36 

28.66 

93.16 

97.81 


36 

.65 

58,530 

60,890 

23.62 

24.62 

105.73 

109.88 


37 

.80 

97,970 

101,700 

47.23 

49.68 

160.36 

168.04 


38 

.65 

97,970 

101,700 

40.32 

41.18 

181.04 

184.61 


40 

.80 

37,640 

41,360 

17.71 

19.58 

60.10 

66.33 


41 

.65 

37,450 

39,950 

15.12 

15.98 

67.38 

71.67 


42 

.80 

57,030 

60,480 

26.78 

28.66 

91.15 

96.57 


43 

.65 

57,150 

59,730 

23.04 

23.90 

102.90 

107.03 


45 

.80 

98,320 

102,280 

45.50 

48.10 

154.26 

163.10 


46 

.65 

98,000 

99,680 

39.17 

39.89 

175.63 

178.76 


48 

.80 

37,240 

39,920 

17.57 

18.64 

59.76 

64.28 


49 

.65 

37,680 

39,810 

15.26 

16.13 

68.07 

71.86 


50 

.80 

57,480 

60,110 

27.22 

28.51 

92.38 

96.85 


51 

.65 

57,220 

59,780 

23.18 

24.19 

103.89 

108.05 


52 

.80 

97,150 

99,480 

46.66 

48.24 

158.75 

163.89 


53 

.65 

98,070 

99,400 

40.18 

40.90 

180.38 

183.33 


56 

.80 

38,810 

40,330 

18.14 

19.01 

61.74 

64.57 


57 

.65 

39,500 

41,280 

15.84 

16.56 

71.41 

74.44 


58 

.80 

59,480 

61,250 

28.08 

29.09 

95.61 

98.39 


59 

.65 

59,370 

60,590 

24.04 

24.48 

107.26 

109.73 


60 

.80 

98,960 

100,360 

47.81 

48.82 

162.06 

165.53 


61 

.65 

99,060 

99,620 

40.75 

40.90 

182.53 

184.53 
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L99-1672 


(a) Model with unswept wing and tails in the upright position. 

Figure 1. Photographs showing model installed in the Transonic Dynamics Tunnel test section. 
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L99-01780 


(b) MA-SF-1 configuration with wing trailing edge flaps deflected. 
Figure 1. Continued. 
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L99-01957 


(c) Model with sweptback wing and tails off. 
Figure 1. Continued. 
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L99-01779 


(d) Bottom view of model MA-SF-1 with split flaps deflected. 
Figure 1. Continued. 
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(a) Model assembled with unswept wings. 

Figure 2. Geometry of assembled model with unswept wings and tails in the 
upright position. All dimensions are in inches unless otherwise indicated. 
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(b) Horizontal and vertical tail geometry. 


Figure 2. Concluded. 
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Figure 3. Geometry of swept wing model configuration. All dimensions 
in inches unless otherwise indicated. 
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(a) Flap details on MA-SC-1. 

Figure 4. Flap deflection and geometry details for unswept wings MA-SC-1 and MA-SF-1. All dimensions 
are in inches unless otherwise indicated. Wing trailing-edge thickness 0.02. 
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(b) Flap details on MA-SF-1 
Figure 4. Concluded. 
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Figure 5. Aerodynamic coefficient accuracies (unswept wing reference constants) based on balance calibration accuracies for the 
range of freestream Reynolds number and (nominal) dynamic pressure conditions. 
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(a) Lift and pitching-moment coefficients. 

Figure 6. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the Eppler 387 wing 
(bump off) at Mach number 0.65. = 0°, = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 6. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 7. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the Eppler 387 wing 
(bump off) at Mach number 0.80. = 0°, = 0°. 
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a, deg Cm 

(a) Lift and pitching-moment coefficients. 

Figure 8. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump off) at Mach number 0.65. 6 h = 0°, = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 8. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 9. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump off) at Mach number 0.80. 6 h = 0°, = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 9. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 10. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) at Mach number 0.65. 6 k = 0°, 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 10. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 11. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) at Mach number 0.80. = 0°, 6f = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 12. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) 


with the tails inverted and the lower fuselage removed at Mach number 0.65. 6 h = 0° and 5f = 0°. 
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(b) Drag coefficient 
Figure 12. 
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(a) Lift and pitching-moment coefficients. 

Figure 13. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) 
with the tails inverted and the lower fuselage removed at Mach number 0.80. cV = 0° and 5f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 13. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 14. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) 
with the tails inverted and the lower fuselage removed at Mach number 0.65. cV = -5° and 5f = 0°. 
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Figure 14. 
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(a) Lateral-directional characteristics. 

Figure 15. Aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) with 
the tails inverted and a horizontal tail incidence of -5° at a Mach number of 0.65 at three 
different Reynolds numbers and an angle of attack of 4°. 
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(a) Lift and pitching-moment coefficients. 

Figure 16. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) 
with the tails inverted and the lower fuselage removed at Mach number 0.80. 6^ = -5° and 5f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 16. Concluded. 




(a) Lateral-directional characteristics. 

Figure 17. Aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) with 
the tails inverted and a horizontal tail incidence of -5° at a Mach number of 0.80 at three 
different Reynolds numbers and an angle of attack of 4°. 




(b) Lift, drag, and pitching-moment coefficients. 
Figure 17. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 18. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.65. 6 h = 0°, = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 18. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 19. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.80. 6 h = 0°, = 0°. 




.04 .08 .12 .16 .20 .24 .28 .32 .36 .40 .44 .48 -4 -3 -2 -1 


C D 


(b) Drag coefficient and lift-drag ratio. 
Figure 19. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 20. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.65. 6 h = 0°, = 10°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 20. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 21. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.80. 6 h = 0°, = 10°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 21. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 22. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.65. = 0°, = 30°. 
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(a) Lift and pitching-moment coefficients. 

Figure 23. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing 
(bump off) at Mach number 0.80. = 0°, = 30°. 
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a, deg Cm 

(a) Lift and pitching-moment coefficients. 

Figure 24. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-lt wing 
(bump on) at Mach number 0.65. 6 k = 0°, 6f = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 25. Effect of Reynolds number on the longitudinal aerodynamic characteristics of the model with the MA-SC-lt wing 
(bump on) at Mach number 0.80. = 0°, 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 25. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 27. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 29. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 30. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 31. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 32. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 33. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 34. Effect of Mach number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing (bump off) 
at a Reynolds number of 40,000. <V = 0° and (V = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 35. Effect of Mach number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing (bump off) 
at a Reynolds number of 40,000. <V = 0° and (V = 10°. 
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(a) Lift and pitching-moment coefficients. 

Figure 36. Effect of Mach number on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 wing (bump off) 
at a Reynolds number of 40,000. <V = 0° and (V = 30°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 37. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 38. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 39. Concluded. 






16 .20 .24 .28 .32 .36 .40 .44 .48 

C D 


.52 -4 -3 


(b) Drag coefficient and lift-drag ratio. 
Figure 40. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 41. Concluded. 






16 .20 .24 .28 .32 .36 .40 .44 .48 

C D 


.52 -4 -3 


(b) Drag coefficient and lift-drag ratio. 
Figure 42. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 43. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 44. Concluded. 




(a) Lift and pitching-moment coefficients. 

Figure 45. Effect of Mach number on the longitudinal aerodynamic characteristics of the model with the MA-SC-lt wing 
at a Reynolds number of 100,000. 6^ = 0° and 6f = 0°. 
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(b) Drag coefficient 
Figure 45. 
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(a) Lift and pitching-moment coefficients. 

Figure 46. Effect of tails and horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the 
MA-SC-1 wing (bump on) at a Reynolds number of 40,000 and a Mach number of 0.65. 
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(a) Lift and pitching-moment coefficients. 

Figure 47. Effect of tails and horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the 
MA-SC-1 wing (bump on) at a Reynolds number of 40,000 and a Mach number of 0.80. 
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(a) Lift and pitching-moment coefficients. 

Figure 49. Effect of tails and horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the 
MA-SC-1 wing (bump on) at a Reynolds number of 60,000 and a Mach number of 0.80. 
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(a) Lift and pitching-moment coefficients. 

Figure 50. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 40,000 and a Mach number 
if 
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(b) Drag coefficient and lift-drag ratio. 
Figure 50. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 51. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 40,000 and a Mach number 
of 0.80. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 5 1 . Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 52. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 60,000 and a Mach number 
if 
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(a) Lift and pitching-moment coefficients. 

Figure 53. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 60,000 and a Mach number 
of 0.80. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 53. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 54. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 100,000 and a Mach number 
if 
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(a) Lift and pitching-moment coefficients. 

Figure 55. Effect of horizontal tail incidence on the longitudinal aerodynamic characteristics of the model with the MA-SC-1 wing 
(bump on) with the tails inverted and the lower fuselage fairing removed at a Reynolds number of 100,000 and a Mach number 
of 0.80. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 55. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 56. Concluded. 
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(b) Drag coefficient 
Figure 57. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 58. Concluded. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 59. Concluded. 





Figure 60. Effect of right wing trail 
wing (bump on) at a Reynolds n 





(c) Lateral-directional coefficients. 
Figure 60. Concluded. 



Figure 61. Effect of right wing trail 
wing (bump on) at a Reynolds n 
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(c) Lateral-directional coefficients. 
Figure 61. Concluded. 



Figure 62. Effect of right wing trail 
wing (bump on) at a Reynolds n 






Figure 63. Effect of right wing trail 
wing (bump on) at a Reynolds n 
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(c) Lateral-directional coefficients. 
Figure 63. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 64. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.50. 6^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 65. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.65. 8^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 66. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.70. 8u = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 67. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.80. 8^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 68. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.85. 6^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 69. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 40,000 and a Mach number of 0.90. 8^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 70. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 60,000 and a Mach number of 0.65. <V = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 71. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 60,000 and a Mach number of 0.80. 8^ = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 72. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 100,000 and a Mach number of 0.65. = 0°. 
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(a) Lift and pitching-moment coefficients. 

Figure 73. Effect of wing trailing edge flap deflection on the longitudinal aerodynamic characteristics of the model with the MA-SF-1 
wing at a Reynolds number of 100,000 and a Mach number of 0.80. 6^ = 0°. 
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P, deg 

(b) Lift, drag, and pitching-moment coefficients. 
Figure 74. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 75. Aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) at a Mach 
number of 0.80 and a Reynolds number of 40,000 at five angles of attack. 8 h = 0° and 
5 f = 0°. 
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(a) Lateral-directional characteristics. 

Figure 76. Aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) at a Mach 
number of 0.65 and a Reynolds number of 60,000 at five angles of attack. 8 h = ° and 
5 f = 0°. 
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(b) Lift, drag, and pitching-moment coefficients. 
Figure 76. Concluded. 




(a) Lateral-directional characteristics. 

Figure 77. Aerodynamic characteristics of the model with the MA-SC-1 wing (bump on) at a Mach 
number of 0.80 and a Reynolds number of 60,000 at five angles of attack. 8 h = 0° and 
5 f = 0° 



(b) Lift, drag, and pitching-moment coefficients. 
Figure 77. Concluded. 







(b) Lift, drag, and pitching-moment coefficients. 
Figure 78. Concluded. 






(b) Lift, drag, and pitching-moment coefficients. 
Figure 79. Concluded. 







(b) Lift, drag, and pitching-moment coefficients. 
Figure 80. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 81. Aerodynamic characteristics of the model with the MA-SC-lt wing (bump on) at a Mach 
number of 0.65 and a Reynolds number of 60,000 at five angles of attack. 8 h = 0° and 
8f = 0°. The equilateral triangle symbols with the bent flags indicate data taken at (3 = 0° before 
the start of the angle of sideslip sweep from -10° while the equilateral triangle symbols with the 
straight flags indicate data taken upon return to (3 = 0° after completion of the sidesip angle sweep. 









(a) Lateral-directional characteristics. 

Figure 82. Aerodynamic characteristics of the model with the MA-SC-lt wing (bump on) at a Mach 
number of 0.80 and a Reynolds number of 60,000 at five angles of attack. 8 h = 0° and 
5 f = 0° 



(b) Lift, drag, and pitching-moment coefficients. 
Figure 82. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 83. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.65 and a Reynolds number of 40,000. = 0° and 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 83. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 84. Effect of wing configuration (bump on) on the aerodynamic characteristics of the model at a 
Mach number of 0.65 and a Reynolds number of 40,000 at five angles of attack. 8 h = 0° and 8f = 0° 
The open symbols indicate the MA-SC- 1 wing configuration and the solid symbols indicate the 
MA-SC-lt wing configuration. 
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(a) Lift and pitching-moment coefficients. 

Figure 85. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.80 and a Reynolds number of 40,000. = 0° and 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 85. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 86. Effect of wing configuration (bump on) on the aerodynamic characteristics of the model at a 
Mach number of 0.80 and a Reynolds number of 40,000 at five angles of attack. 8 h = 0° and 8f = 0° 
The open symbols indicate the MA-SC- 1 wing configuration and the solid symbols indicate the 
MA-SC-lt wing configuration. 
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(a) Lift and pitching-moment coefficients. 

Figure 87. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.65 and a Reynolds number of 60,000. = 0° and 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 87. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 88. Effect of wing configuration (bump on) on the aerodynamic characteristics of the model at a 
Mach number of 0.65 and a Reynolds number of 60,000 at five angles of attack. 8 h = 0° and 8f = 0° 
The open symbols indicate the MA-SC- 1 wing configuration and the solid symbols indicate the 
MA-SC-lt wing configuration. 
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(a) Lift and pitching-moment coefficients. 

Figure 89. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.80 and a Reynolds number of 60,000. = 0° and 6f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 89. Concluded. 
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(a) Lateral-directional characteristics. 

Figure 90. Effect of wing configuration (bump on) on the aerodynamic characteristics of the model at a 
Mach number of 0.80 and a Reynolds number of 60,000 at five angles of attack. 8 h = 0° and 8f = 0° 
The open symbols indicate the MA-SC- 1 wing configuration and the solid symbols indicate the 
MA-SC-lt wing configuration. 




(a) Lift and pitching-moment coefficients. 

Figure 91. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.65 and a Reynolds number of 100,000. bv, = 0° and 8# = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 91. Concluded. 
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(a) Lift and pitching-moment coefficients. 

Figure 92. Effect of wing configuration and bump on the longitudinal aerodynamic characteristics of the model at a Mach number 
of 0.80 and a Reynolds number of 100,000. = 0° and 8f = 0°. 
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(b) Drag coefficient and lift-drag ratio. 
Figure 92. Concluded. 




(a) Variation of base drag and pressure coefficients with angle of attack. 

Figure 93. Typical magnitudes and variations of base drag and pressure coefficients with 
angles of attack and sideslip at a Reynolds number of 40,000. Test 540. 








(a) Variation of base drag and pressure coefficients with angle of attack. 

Figure 94. Typical magnitudes and variations of base drag and pressure coefficients with 
angles of attack and sideslip at a Reynolds number of 60,000. Test 540. 










(a) Variation of base drag and pressure coefficients with angle of attack. 


Figure 96. Typical magnitudes and variations of base drag and pressure coefficients 
with angles of attack and sideslip at three Reynolds numbers for the model with the lower 
fuselage removed and the tails inverted. Test 541. 
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(a) Mach number 0.65. 

Figure 106. Chordwise pressure coefficient distributions on the MA-SC-1 wing (bump on) at a 
Reynolds number of 40,000 over a range of sideslip angles. (V = 0° and 8f = 0°. 
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(a) Mach number 0.65. 

Figure 1 12. Chordwise pressure coefficient distributions on the MA-SC-1 wing (bump on) at a 
Reynolds number of 60,000 over a range of sideslip angles. (V = 0° and 8f = 0°. 







(b) Mach number 0.80. 
Figure 112. Concluded. 
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(b) Mach number 0.80. 
Figure 126. Concluded. 
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(a) Mach number 0.65. 

Figure 127. Chordwise pressure coefficient distributions on the MA-SC-lt wing (bump on) at a 
Reynolds number of 60,000 over a range of sideslip angles. (V = 0° and 8f = 0°. 
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(b) Mach number 0.80. 
Figure 127. Concluded. 
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